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Volume xXXVII 


Lon PORTH be FP ROCBE DINGS OFo THis 2EvOULRY 
RESUMED PURSUANT TO ADJOURNMENT 


APPEARANCES AS HERETOFORE NOTED 


DR. DUPRE: Good mornina. 

Mr. Sampson, I see that Dr. Rhodes and Dr. Chase 
are indeed here. 

MR SAME SON Ses. 

DR. DUPRE: You will he conductins the examination, 
thank 15 COLrrect? 

MR SAMPSON Yess 

DR. DUPRE: And are there any matters that anyone 
wishes to raise before I greet the witnesses? 

MR. LASKIN: I sunpose I'd hetter raise one matter, 
lir. Chairman, and mavbe a second. I aather that Dr. Finklestein 
apparently, and I don"t know the reason, is not availahle on the 
20th of August. Linda tells me he's available on the 25th or 26th, 
so subject , perhaps I can canvas everybody at the coffee break. 

DR. DUPRE: Well we will take it that he will be 
coming on one of those two days, but on the 20th, I assume we still 
have a witness scheduled. 

M. CASGRAIN: Dunnigan. 

DR. DUPRE: Or. Dunnigan. All riqhnt. 

Mk. LASKIN: The nly other point 2S,° Mr. Chairman, 
we have a telephone message from Mr. licNamee, who said that Mr. 


Tim Schumacher will be appearing on behalf of the government today, 
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-4- Rhodes/Chase in-chief 


MR. (LASKIN: |) (Cont'dijn sorthat ifractnew: face 
appears at the counsel table ... 

DR. DUPRE: Oh; Irsees In lieu, vou mean simply, of 
Mr. McNamee, and that is Mr. Schumacher, you said. 

MR. uDASKINS Yes . 

DR. DUPRE: Thank you counsel. 

Any other matters? 

Mr. Sampson, do I assume that you will be wishing 
to examine both witnesses simultaneouslv? 

MR. SAMPSON: Yes... 17 «that: sO. K. 

DR. DUPRE: So, in other words then, we are now 
going to have our first swearing in testimony, but it's a double 
header. Is that right? 

Miss Kahn please, would you swear in the witnesses, 
and may I say Dr. Chase, and Dr. Rhodes, that you are both welcome 


back. Thank you. 


DR. HARRISON B. RHODES AND DR. GERALD R. CHASE SWORN 


EXAMINATION-IN-CHIEF BY MR. SAMPSON 

DR. DUPRE: Please proceed, counsel. 

MR. SAMPSON: Q. We've submitted an advance copy of 
a statement, which I hope has heen circulated to everyone, and I 
think the witnesses in a little bit, are going to summarize that 
statement, just so that we can refresh everyone's memory, at least 
those who've read it. 

I'd like to begin though, by asking a counle of 
questions, to sort of indicate why we have our double header here 
today, and to establish for the record, some of the background of 
these two gentlemen in the area. 

Dr. Rhodes, I guess I'll start with you. Could you 
state your current position and employment? 


DR. RHODES: I'm the manager of occupational health 
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A. (Cont"d.) -Eor Union Carbide Corpordtion metals 
division. 

Q. What kind of responsibilities does that job 
entail that might be relevant to this, this testimony? 

A. Well basically, I'm resnonsible for the 
administration of the occupational health and industrial hygiene 
programme for the division. 

Q. And I take it that in prior vears at Union 
Carbide, you were also involved in industrial hygiene matters. 
Could you «4 

A. I was involved with the asbestos department 
primarily, in their monitOring general worker protection, that 
Sort Of thing. 

Q. What, well, let me step back a minute. What is 
your educational background briefly? 

A. I have a doctorate in chemical engineering 
from Columbia University. 

Q. O.K., could you sort of summarize quickly, what 
your experience is in studying, and dealing with the membrane 
filter method, and perhavos other methods of measuring asbestos 
exposure? 

A. I sunervised the laboratory that we had on 
location in Niagara Falls. It was doing membrane filter monitoring 
both to supplement our own facilities at the nlant, the mine and 
mill, and we did a great deal of monitoring of uses of asbestos. 
I served the AIANA as chairman of their air monitoring 
committee, and also with Dr. Chase, was the U.S. industry 
representatives on the dust measurement advisorv nanel of the 
International Asbestos Association. 

Q. Taking them one at a time, can you tell us a 
little bit about what the AINA's air monitoring committee has done 
in the area, and then also tell us a little bit about what the 


DMAP, the Dust Measurement Advisory Panel has done in the area, 
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-6- Rhodes/Chase in-chief 


O. (Cont'’d.) "particularivewith reference to the 
membrane filter method. 

A. The AIANA Air Monitoring Committee, it's largest 
activity, was the set-up and the carrying out of the Round Robin 
study, that we're going to discuss in greater depth todav. 

We also have provided information on other 
monitoring methods hesides the membrane filter, but by and larae, 
it's been the Round Robin study on the membrane filter method. 

Oo. And? the» DMAP. 

A. DMAP started ahout three or four years ago, 

I think, wasn't it, about four years ago Gerrv? 

To try to, let me back off a moment. We had an 
invited meeting in Warmen Steinach in Germany, where we reviewed 
the membrane filter method, and other alternative methods to 
measure airborne ashestos concentrations in the workplace. We 
looked at the way that it was being used in the various countries 
of the world, and concluded that the need for standardization was 
verv pressing, and the Dust Measurement Advisory Panel took upon 
themselves the task of doing a fair amount of research work in 
their own laboratories, and in putting together what is a 
standardized method for the membrane filter method. This was 
published asthe international reference method. 

QO. This is what's known as the AIA reference 
method that's I believe that was an-exhibit ‘of Pr vt’ Trudeau's, or 
a tab in Dr. Trudeau's exhibit. 

OPR DF ADE Chase , VCould-vourstate your; summarize 
your educational background, and current position? 

DR. CHASE: A. °-Well, my current position with J.M. 
is file statistician slash epidemiologist, and basicallv that 
responsibility for developing and administering the biometry 
programme, and perhaps the best way to describe the biometry 
programme, is to go back into my academic and professional 


background. I have a Ph.D. in mathematical statistics from 
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A. (Cont'd.) Stanford. While I was at Stanford, 

I was supported by a public health training grant, which got into 
5| the health applications of statistics. When I left Stanford with 
my degree, I went to the University of Missouri, where I took a 
joint appointment with the Department of Community Health and 
Medical Practice, in the medical centre, and the Department of 
Statistics in the School of Arts and Science, and then 
subsequently, I took on a research role in the Space Sciences 

10; Research Centre, at the University of Missouri. 

And then in the early seventies, I took a leave 
of absence for a vear, and was visiting scientist in the Biometry 
branch at the National Institute Environmental Health Sciences. 

Then subseauent to that, I joined Johns Manville 
as the file statistician epidemiologist, with responsibilities 
is then for the development basically of the health and 
environmental data base, with the idea in mind of current uses of 
those data, as well as laying the foundation for future uses of 
those data, in health matters. 

QO. I take it you've been involved studving the 


290| membrane filter method for five or six years. Could you sort of 


summarize what your background exnerience has heen in that area? 
A. Yesopathertirsttthine “thatebrdid withthe 
membrane filter method, was to look at it analytically, to see 
with particular reference to the counting rule itself, and 
whether or not it was an unbiased counting rule, and also to the 


25| estimates of the measure of the uncertainty that's coefficient 


of variation of the membrane filter method. 

An outgrowth of the first look at it was a paper 
that was published, I believe, professor Cooper, and Dalman and 
myself, at Harvard, which corrected the bias in counting rule. 

It was a technical point, a few technical points, and the rules as 


30 
to when you did or did not count a fibre, and that has led to the 
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A. (Cont'd.) correction of that by NIOSH, in 
their counting rules. And at the same time, the investigation of 
the uncertainty inherent in the measuring, in the membrane 
filter measurements themselves, through in-house studies with 
J.M. industrial hygienist looking at empirical information, as 
well as reviewing the literature. That then led to my participation 
invitation, and participation of the first collocuium at Warmen 
Steinach, and subsequently then, as a member of the Dust 
Measurement Advisory Panel, and of course on the AIA Air Monitoring 
Committee as the statistician in that connection. 

0. That's with respect to the Pound Robin study. 

A That 6 UCOrrecn. 

Q. As , in your activities on the DMAP led to the 
AIA reference method, perhaps you might wanna either one of vou 
can answer this, but can you give us some idea of what kind of 
reaction in the international governmental, or scientiiic 
community, that AIA reference method has received? 

DR. RHODES: A. I think I, would he remiss if I 
said it hasn't heen well received. It's mv understanding the 
Canadian people are studying it. Graham Gibbs had a programme 
going. It's been adopted in Germany, ana for the international 
affiliates of the German companies. It has heen discussed 
extensively witn the International Standards Organization. The 
primary points of discussion, are not the method per se numa 
sense of the collection of the sample, or in counting in general, 
but in the manner that certain fibre configurations should be 
counted. 

It looks, we are hopeful anyway, that the ISO 
will adopt major portions of it, with some minor modifications in 
the count. By and large it's been well received as a standardized 
approach to the monitoring method. 

On On he piete conto t completes the preliminary 


questions I wanted to ask. Why don't you two gentlemen go ahead 
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Q. (Cont'd.) and summarize the statement that's 
been submitted already? 

DRs RHODES) ASul gquessei'’Maon first. 

What I would like to do, we elected not to just 
sit here and read our statement, but talk somewhat informally 
about the membrane filter method, and present some of the background 
in a simolified way, on how we set up the Round Robin, and what we 
intended to accomplish with it, and then have Gerry go on, and 
present some of the results. 

As has been indicated by the earlier questioning, 
membrane filter method in one form or another is used laraely 
throughout the world, in the measurement of occupational 
asbestos exposure. I would refer you to a table in the first 
Warmen Steinach report, which lists, summarizes the manner in 
which it's used in a large number of countries. 

Q. Excuse me, are you referring to the first 
colloquium? 

A, First colloquium at Warmen Steinach yes, I'm 
sorry. Is there a problem there? 

Q. I'm seeing some confusion here. Do we have any 
way of identifying that? That was one of the material that we 
sent to you in advance. It's the first dust colloquium. 

Dr. Is that the 1977 colloauium? 

NGL, believe Le isv, it's the first cotlocuium 
sponsored by the DMAP. I'm sorrv Art, I didn't mean to confuse the 
issue. It's a minor noint. It gives a nice illustration of the 
countries that are using the method, and the manner in which they 
were uSing it at that point in time. And since this is the method 
that is used to measure worknlace exposures, most of the standards, 
governmental standards, are also related to exnosures as 
measured by the membrane filter method. 

Now I don't think there are any illusions that the 
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A. (Cont'd.) membrane filter method is the 
greatest, it meets all the requirements, it's a very fine method, 
or anything of that nature, but it does have some very strong 
reasons for use, and basically, it's very simple, relative to 
some of the alternative methods. It can be set up and operated 
at a reasonable cost, and it's suitable for routine measurements, 
where you have large numbers of samples, and in the worlknlace 
standard for asbestos, the number of samples that need to he 
run, is virtually staggering. 

And the epidemiology studies that have come out 
in the last five to ten years, are also generally keyed to 
exposures as measured by the membrane filter method. it 1s oretty 
well in place, widely used, and related enidemiologyv. 

Now there are some admitted limitations. It is 
difficult to distinguish asbestos from other moneral particulates 
which have dimensions, long narrow dimensions. It also operates 
at a very low magnification, so that it misses certain long thin 
fibres, and it also doesn't pick up, you don't count the short 
fibres. 

It's also difficult if you've got a mixture of 
asbestos types, to distinguish between chrvsotile, and 
crocidolite for example. Now this is not a bit problem im riost 
industrial operations, which use only chrysotile, but there are 
some which use both. 

So even with its limitations, I don't know of 


any better way to monitor workplace exvosure, than the membrane 


filter method. I think it's important that we recognize its 
limitations, but I would be very concerned if we suddenlv 
switched to some alternative methoc. 

Now we've talked about the membrane filter method. 
I thought I would just say very briefly, how it works. We were 


bee have a pump in here, but we were unable at the last 
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A. (Cont*d.) minute to come up with one.) Et‘s 
helpful to think of the method, as having two parts, the collection 
of the sample in the worknlace, and the evaluation of the sample 
after you've got it collected on the filter. 

In the collection step, the membrane filter, 
which is a little round paper disk, is put in a holder, and 
suspended in the breathing zone of the worker, in this general 
area. A piece of tubing, plastic tubing, goes over the shoulder, 
and is attached to a vacuum pump, and the pump is calibrated to 
pull air through at a set rate, generally about one point seven 
litres per minute, and it's placed on the man, in a manner that 
tends to be least interfering with his normal work. It's turned 
on for a measured period of time, and a known volume of air is 
drawn through. Now this step has not received very much attention 
in the literature on the method, and it can be very critical. 
You're trying to get a representative sample of what the man is 
actually breathing. 

Once the dust is collected on the membrane filter, 
vou take the filter to the laboratory, cut a small wedge out of it, 
and there are various ways of making that wedge transparent, but 
you mount it on a microscope slide, make it transparent, and then 
you examine it under a microscope at about five hundred 
magnification. The microscone, you have a little: oratzcule, 10s 
called, which projects on the slide as a known area, and you move 
that graticule at random, and by certain counting rules, vou 
count the number of fibres you see, usually a hundred fields at 
low concentrations. It may be less than that at higher 
concentrations. So that you know how many fibres you have found in 
say a hundred fields, or a certain area of the slide, and you know 
the total area of the slide, so you can calculate the total number 
of fibres you've accumulated on the whole filter, and you know the 


concentration of air that you , the quantity of air that you've 
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A. (Cont'd.) drawn through it, so that you know 
the number of fibres per cubic metres, cubic centimetres Of alr, 
which gives you the concentration that vou're looking for. 

Q. Dr. Rhodes, about, just to get an idea, how 
long does it take to count one of these for a laboratory analyst 
to count one of these filters? 

A. It will vary considerably on the number of 
fibres, on the filter, the number of, amount of hackground dust 
10| and that sort of thing, but an experienced counter, I would say 
ten to thirty minutes is a representative figure on a countinga. 
That's after it's cleared and set on the microscope. 

It had been recognized for lots of years that 
this counting of fibres on a filter, is as much an art as Leona 
science, and that there was a great deal of variability Ln. ene 
Le method. There had been when we became interested, four or five 
years ago, in doing a more comprehensive study, there'd been a 
substantial number of studies reported. The problem was hasically 
they had looked at the counting step only, after the fibres are 


on the filter, what kind of variability do you get in t2rbre 


99| counts. They had not really considered in any depth, the 
important problem of obtaining a representative sample of the 
workplace air onto the filter, before you started to count. 

The first attemmnt to do that really, that I know 
of, was the J. M. study, that Gerry Chase has mentioned earlier. 
And we more or less patterned our study on that approach, and 
25] invited, we put together a protocol of what we were going to do, 
and we invited ahout two hundred laboratories that we were able 
to locate in the United States to particinate. We wanted about 
forty or fifty, and we got forty-six laboratories that volunteered 
in this fairly extensive programme. 

DR. UFFEN: 9. Any Canadian? 

DR. RHODES: A. I can't answer that question, 


30 


because we set up for them to be totally anonymous. We wanted to 


S87 (6/76) 7540-1171 


won #oOY = teas oO 


gete 26 46 pe komt's pass sntve Be 


tevicnk. Vtorerotel & wt seuss Fo sag - surg o4 “sila 


i : : } = 
“ Sorell? opeds Be ies 
Q 4 ~ - as = - y 4 ‘ a” | ae y €. vi 
we te TT f © . =) ’ Pri sft * 
wes ul " = ye + "¢ i 2 A 
: z stnet ax -h af 


sul teats br. % 5 yoni 
pe 7 ts 8 Fi S é 7 Lae ne Beli oaneit | 


7 babes 


(29. 7-gipS wre eB pegnks al 


e 
A i ai ; ‘ 
* on od 
1 } fr ¥ 
ao ~ ed G 5 * 
> > 
r 2 
TT dé - 
\ 3 & 327152 
4 - - 
1 5 = wy a ie i 
t 5 7 ® a , 74> LP 
! ~ , i. 
‘ 4 + ~ aw. 
r - 
Sit € ' 3 E J 4 Pye, : OZ 
7 rs C \< ~~ 4 o- ma = ¥ B. 
a +2 1S fa i 


bexsagiuiev 2449 protests! xie~ysno? ‘36n. ow Sas cnt 
AME OR St Lanse, ¥. 


<cte.lbewa> yr. iO Mot Ww 0" 


IA ee 1 nheD I VA s29G0RR a 
Y Tens vlis fos ad oF amesti 


od 


- 13 - Rhodes/Chase in-chief 


A. (Cont'd.) get government laboratories, we 
wanted to get industry laboratories, we wanted to get consulting 
laboratories, so everything went through a coordinator, who was 
the only one that knows who the participating laboratories are. 

DR. UFFEN: Do you know who the invitations went to? 

A. the invitations went out to basically to the 
U.S. laboratories. I would not say that there was not a Canadian 
commany or three in there, but one of the reauirements to 
10) participate, was that they were using the NIOSH membrane filter 
method as it was in place at that point in time, so that the 
Canadian laboratories basically were using some variation 
there-of. 

DR. CHASE: Harry, as vou were saving, You couldn < 
say for sure, I shook my head, Yes, and the reason for that is 
Us that I do know that there was at least one, because it was the 
J. M. lab that was participating. 

DR. RHODES: No, we thought it was important to 
attract people, not - to give them anonymous particination. 

Out of those forty six laboratories, about half of 
99, them were laboratories that were active in the U.S. NIOSH 
Proficiency Analysis Training Programme, PAT programme, which is 
the, it's run by NIOSH, and it's a standardized sample exchande 
programme, that you count a certain number of samples everv 
month. Again, the problem with that is the filters are prepared, 
and you're looking at counting only. 

25 Now to illustrate the design that we used in the 
Round Robin laboratory, let me hit briefly, an illustrative 


position. Let's say that you have a large groupv of competent 


laboratories. I won't define competent, but experienced comnetent 
| laboratories, and you had a workplace where you wished to have 
the worker exposure measured, and you took all these laboratories 


30 
and put their names in the hat, and pulled one out, and had this 
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A. (Cont'd.) laboratory come in and make a 

measurement, and vou would get a certain report, result reported. 
5| Now if you had happened to pull one of the other laboratories’ 
name out of the hat, you might get exactly the same number, but 
the chances are very high that you'll get some other number, and 
if you repeat this, or do it, we'll get another laboratory, you're 
going to get a series of numbers which vary because of the 
uncertainties in the method. 
° These uncertainties really, let me back off a 
moment. It's this variability that you're really concerned with, 
when you're trying to determine whether you're in compliance, or 
when a government laboratory measures you to determine whether 
vou're meeting government regulations. THe concept of a - the 
as independent collection and measurement of the workplace 
concentration. Now these differences, and I'm going to mention 
this, because we talk about it qunte ta bit} later, these 
differences are due to two principal types of errors. We all know 
that if you make a measurement, you're not going tO get exactly 
the same number every time you make a measurement. There are a 
20! number of small random errors which cause differences in results. 

You also have a type of error where let's say 

you have miscalibrated your graticule area, and that every time 
you use, make a count, you havea constant systematic error, and 
this type of error in a laboratory, it will be repeated, it will 
be buried in all of the results. 
ea What we try to do in our programme, is come as 
close as practical to the situation, where you had an indenendent 


laboratory come in and make a measurement, but it really wasn't 


practical to try and set up a programme where we had randomly 
selected laboratories to come inandmal:e simultaneous measurements. 
30 What we did, was have laboratory collecting the 


samples, take a simultaneous pair of samples on the man, and 
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A. (Cont'd.) continue this, so that we had a 
full shift of paired samples. Now this meant that any errors, 
systematic errors which were present, if ‘the laboratory’ tao 
miscalibrated their pumvs, for exammle, this type of error would 
not appear, but all the other sources of error that were left, 
would impact on the variability of the results that we were 
obtaining. 

Using these filters, we obtained three basic 
types. of count.’ ‘Thevsimplest,)(.- 7.4 number of the 
laboratories, and this was strictly voluntary, and unfortunately, 
it was not all of the laboratories, where there were more than one 
counter, we asked them to make repeat counts on the same filter. 
This gives you a measure of the random variability Withinycne 
laboratory, ‘cos they're all using the same ecquioment. They've all 
been trained pretty much by the same people. They're all calling 
their shots pretty much the same way. 

The next level was to take the filter, and have 
one laboratory count it, and then send it on to a second 
laboratory, so that we.got two laboratories providing counts on 
the same filter. 

Last, and the most imrortant one, which was 
really the basic objective of the study, the laboratory which 
collected the samples, counted one set of the filters. ins 
second set was sent to a randomly selected second laboratory. This 
doesn't give you a great deal of information on each pair, but we 
had somewhere in the order, the number escapes me exactly, about 
nine hundred paired sets, eighteen hundred filters, and in the 
neighbourhood of twenty-five or twenty-seven hundred total 
fibre counts made up the data base for the entire study. 

What I will, what I want to do to finish uv here, 
is take figure one from our testimony, and kind of summarize 
what I've been saving here. 

Notice first at the left, that we have divided the 
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A. (Cont'd.) process membrane filter method 
into the two parts that I've indicated. The sample collection 
step, and the variability that that step introduces, and the 
Samovle evaluation step, which is the counting of the fibres after 
you get them on the filter, as the second part of the process. 

The simplest counts, as I indicated, were when 
different counters in the same laboratory, counted the same filter, 
We've referred to that as within lahoratory within filter 
10; Comparisons for intralaboratory intrafilter, 

Now since the equipment procedures and that. sort 
of thing should be fairly well Standardized within the laboratory, 
what you're looking at there are the small random errors in the 
counting method, and the basic fundamental poisson error that is 
inherent in this kind of Selection of small Samples out of a 
Je larger sample. 

The second area where we use the same filter, and 
hed more than one laboratorv counted, will pick up these systematic 
errors that are Occurring between the laboratories, so that 
you've got a measure of the total variability in just the 
29} Cvaluation of the filter. 

When we go on, and look at the paired filters, 


the counting or the collection sten, you've introduced the 


problem, the errors of trying to get a representative sample out 
of the dust cloud. Now again, these are random errors, because vou 


had a single laboratory collected both filters, 


25 Finally, the error which we were unable to 
address, the systematic error in the Sample collection, I really 
don't have any basis, but my instinctive feeling is that the 
problem, the random error problem of getting a sample out of a 
varying non constant dust cloud is the major problem in that step, 
and that the systematic or persistent may not he a major FACtor: 

x but I offer that as an opinion, rather than something that I can 


suvport. 
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A. (Cont'd.) Well, that is. all.that 1 Daves La 
be glad to answer questions on it here if they wish. Is that oialy 
rignt Art, or Gerry go on and complete the resume? 

Q. Why don't we have Gerry, unless someone has 
something they want. 

DR. UFFEN: Well, I'd like to come back to Lt. 

Well, I could ask him now, while it's on our minds. 

DR. DUPPE: Please proceed, Dr. Uffen. 

DR. UFFEN: I was interested in your emphasis on 
the two aspects, collection, and evaluation afterwards, because 
you are quite right, we have lots of people tell us about the 
Gerriculties of evaluating, but not verv manv have discussed the 
difficulties of the actual collection. You used the example of .the 
calibration. Could you spend a moment or two though, and talk to 
us a little bit more about what things affect the collection 
procedure other than sav the calibration. 

I'm thinking about comments you've made in here 
about temperature, the pressure. I'm also curious ahout the effects 
of humidity if there are any. 

DR. RHODES A. The princinal problem that I see 
with the collection step, are inherent in the nature of the dust 
cloud that you're trying to get a sample out of.. Now if you are 
trving to sample a point source, for example, a man sawing an 
asbestos cement pine, a man dumping bagged asbestos into a hood, 
where you're generating the fibres in a relatively narrow area, 
and you're going to have a substantial concentration aradient 
from the source to where, into the room, and where that man 
stands, how he handles, whether he's right or left handed, how he 
does the job, will have a major imnact on the concentration that 
you collect on the filter, 

Now in contrast to that, you may have a room 


where there are a large number of diffuse sources, and the whole 
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A. (Cont'd.) room is at fairly close to the same 
concentration. In that case you see, it really doesn't matter 
5 significantly where you put the filters, where the man stands, 
and that sort of thing. 

The point I'm making is that, I think> the nature 
of the dust cloud, and the relationship of the filter to where 
you sample from in that cloud, is the critical factor. Now the 
temperature and pressure ..-. 

10 DR. UFFEN: 0. Just before you leave that, who 
would be the best judge of where to measure the cloud? 

A. This is a matter of basically, industrial 
hvgiene technology, professional judcement I think is the only 
wordnircouldeuse. 

Q. And would most qualified industrial hygienists 
vy know enough about this machining, the sawing, whatever it is, to 
know precisely where to make the measurement, or would the 
workman know best? 

AauWe ligwleusuallyrtrystocobserve whet he's 
doing, and make a judgement from that consideration. 

20 “Now let me add that there is another study that 
started about the same time that we did, and they're even slower 
than we are. I believe it's NIEH S rumor around (Ph) ANTOSH. It's 
not an asbestos study, but they are, they have four or, five 

sample collecting pumps on the same worker, and are looking 

specifically at this problem of how do vou get a representative 
25] sample, and we have not been able to get a copy ef thise ft's: in 


review. The scuttlebutt if I may use the term, is that their 


numbers, their results don't look much different than ours, and 
that it is an important source of variability in the workplace 
measurement. 

Now the other items that you mentioned, are 


corrections. 
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DR. UFFEN: Q. Can you give us some idea of 
whether they are big corrections, or really technicalities? 

A. Well, it depends; if I clibrate at Niagara 
Falls at basically sea level, and go out and take samples around 
Denver, it's a correction factor that's worth going through the 
procedure , the procedures to correct for it. 

Q. Ten percent, twenty nercent? 

A. It's that order of magnitude if I recall. £Ges 
better to calibrate in the same area that vou, you know, basically 
it's the same temperature and pressure conditions that you're 
going to operate at. 

QO. Would it be safe to say then, that normal 
weather pressure variations would he probably unimportant? 

A. I would say relative to all the variability that 
you've got in the method. They should he taken into account, you 
know, calculate them, but they're minor corrections on a larger 
variability. 

Would you agree, or disagree with that, Gerrv? 

DR. CHASE: As a generalization. 

DR. UFFEN: 0. At mile high Denver, I guess they 
talk about a pressure difference for a mile, would be ten times 
ost aie in a storm. What about temperature and humidity? 

DR. RHODES: A. Well again, temperature, you have 
a correction factor. You're calibrating in a laboratory “at? seventy 
fahrenheit ti..ereabout. If you go out at ten helow zero out there 
somewhere, in a very cold area, you should make a value of 
correction, that's the ratio of the absolute temreratures, that 
kind of a correction. 

QO. Would a ten or twenty degree fahrenheit, ten 
degree fahrenheit, be significant, or not? 

A. My comment on that is, I don't think you can 


read the volumes well enough to worry about the kind of correction 


7540-1171 


er ey = Nt a, Oe, ee 
ie & ; +i 7 
we. 


-” 
i 


29-8982 arioe 

Tasks tlwbbitiises: 

a es ge 

Sigrors siceal Sst ten 609 . ain 
odd ind gasee. dor 21 eh9, senaak eels ‘. 

Te com on soe a 

Sisspren yoda Smeg seg MBE" a | “ls 

a'st ,ifeset 7 22 ebusingpom 30 Zebt0 edo WEE! oR pees is 

vilesieed word woy' , use seis eote pose ott aE ossniiies OF 

fr'oue 2809 enaksiones skogaere tee snqghroqheg aie 


tortion 2649 . neds Ven ad shee af 40 RapOON ee!) - 
Tins hertias yidedot et binaw sapiveriee-s 
tet weal ldelbvev edt Ile of ewivetex Gas Bae 2-6. 
voy Jno o¢rt neded of Sivorte yet, , Sensee aie a5 
septal 4 do 2rotecwsted Donan os yas Got) eee 
ty Side 
tyro) ,tails dfiv sereeehi te \oe8ea wor too’ 
snoiveniiegene, 5 8h | Ay ae 
vars wanun T rewast Hoel ‘fim Ja: af} A +a. 

sett pet et Slgew pba s Sekt engeret#ib samasety ie, 
Ceslbinue San Sacseteqnss Juche ene “ 

even Hoy ,exisetetinot ,Areoa ttett LA: peiteO 

egasveaa- te yaojesoiet sat neieeit beam aegis / 


ose? suo ot4s volo. net ge ae sohoae hd 
to sfiv 15. oven Bieede 
fare yaswPetsztisd as noads arse 


ned .tisdegitis) ebypah-tekote) 39 Hts 
S#on 2 , ee 

neo vbty tna 2 Mab T cad SRE ad 4) 
nodsopyro> Fo Bild odd suotie Yasar or t 


10 


15 


20 


25 


SG 87 (6/76) 


= 


- 20 - Rhodes/Chase in-chief 


A. (Cont'd.) you get from a ten or twenty dearee 
fahrenheit temperature difference. 

DR. UFFEN: I have in mind one specific prohlem. In many 
plants, there is a room called the drving room, where temncratures 
may be quite significantly different, and humidities mav be 
quite different. This is what I, would the instruments have to he 
calibrated more frequentlv for such a measurement? 

A. Well, the point you want to remember, is that 
wnat you're doing is looking at a gas volume correction, and 
tnose can be made. It's not that difficult. You're looking at 
a temperature and pressure effect on volume. 

Q. Provided that somebody records it though, and 
pays attention to it. Does the procedure now ask that the 
temperature be recorded at the time the measurements are made? 

A. The NIOSH method calls for a correction, but 
I don't believe one of the required, I would like to pass that 
question. I'd have to check it. We normally will record 
temperatures and pressures. 

Q. You just suggested that the variability of the 
volume would probably swamp these errors. Could you expand on 
that? 

A. Well, theoretically, vou can measure the volume 
plus or minus ten percent, when vou calibrate it but the pumn, the 
pumps that are widely used, the MSA, and that tyve of pump with 
a pulsation type vacuum drive, that little ball in there hounces, 
and as yourfilter loads, you begin to change the pressure drop, 
and as your battery runs down, you begin to draw a little less 
air, so that you're making corrections. You're trying to read 
a rotimeter ball that's bouncing un and down, and again, it's a 
personal opinion. I think if you can get ten percent, you're 
gonna be doing very well. 


Now there are some new pumns which have critical 
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a A Rhodes/Chase in-chief 


A. (Cont'd.) flow orifice type things, which 
adjust to give you a constant flow, and they also record whether 
you had a flow unset, so what I'm really saying that the pumps 
that are in wide use now, are difficult to read, to get a verv 
very accurate flow. 

The new pumps are much improved in that area. 

DR. UFFEN: Q. Is it possible to deliberately cook 
it, so that you cither increase or decrease the rate of flow, and 
10; that that would be undetected? 

A. You mean the person who ... 

QO. Somebody of a devious turn of hind, for 
whatever reason, deliberately produces a bias, a systematic error. 

A. We've had that problem rather extensively with 
some of our miners who are pretty independent tvnes, and the pumn 
bi that we're using now, the new Dupont pumns, have a little 
electronic gadget in there that will tell you if the flow has 
been tampered with, and after we caught a couple of them doing it, 
they've got to the point where they now know that they can't do it 
and get away with it. We have much better results. These are the 
20} new pumes, and also, when I'm taking samples, I generally like 
to be right there, and can watch. 

Most of the peorle that you sample, are, once you 
explain what you want, what you're trving to accomplish, the 
meaning of it, will be quite cooperative, but there are a few 
who will deliberately tammer with what's going on. 

25 QO. Now on the other side of the COLN {ti Sait 


possible to dicker with the calibration that's heen done in the 


laboratory, deliberately, and have it undetected? 
A. Normally, we calibrate hefore we go out, and 
we check when we come back in. Now the pump, the way you set the 


x flow, what you do is set, when you calibrate, you set a series of 


readings, and measure the corresponding flow rate, and then vou 


set the little screw, to give you the proper reading, to give you 
i 
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A. (Cont'd.) your one point seven litres per 
| minute. Now if somebody adjusts that screw. you're going to see 
the ball, the flow rate change, so if vou're watching vour pumn, 
you should by making minor adjustments to hold that flow rate dust. 
| DR UFFERREO. Well, tan Ie right in ths ‘conciaisi on? 
If a laboratory inadvertently or deliberately monkeyed with the 
| basic calibration, in a Round Robin studv, that would be revealed? 
A. We would, by using a lot of laboratories, the 
component that we're adding, is systematic differences between 
laboratories, or whether it was deliberately or accidental, if it 
| were present in all of their results, we would see what kind of 
range’ you) might “get In" that type oftthing, ‘by thave it looking at 
an LOL, Of laboratories. 
| In other words, the svstematic variation between 
15| laboratories have because a randomized variable in a studv of this 
| nature. 


DR. CHASE: Exctse mew Well’Sust in terms of the 


| calibration of the pump, since the same laboratory was collecting 
the simultaneous samples in order to have had an effect in terms 
of the comrarisons we were making, it would have heen necessary 

| 20, for them to set one pump one way, and the paired pumno another 

way, because if they were svstematic in their calibration of the 

| pump, it would be washed out, because we're comparing the two 
filters, and if the bias was there, it was there for both pumps. 
DRA ‘UFFEN: \O. Then would- be? safe an'conciudinad 
that if you want to have an inspection system that could check for 


25 
this type of systematic error, the only way to do it is to have 


independent measuring ecuipment operated by an independent 


DR. RHODES: A. To be absolutely sure, you've got 
to have everything independent. 
30 Q. So you'd send in an inspector with his own 


equipment, calibrated in his own laboratorv, as an independent 
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DR. CUPREN:, 30. n(G@dént" id aereheck ton! the tRound \2oltin. 

A. I'm not sure I understand what you're driving 
ai. 

0. Ty guessivind wdn? tC yout ver yore lear yw Excsome 
time in the future, a system is in position, and thev're using it 
for regulatory purposes, and there is any suspicion that there 
are, some of the systematic errors are not accidental, the only 
safe way, would be to send in an indenendent observer, with 
independent equipment, to detect. 

A. Well, that would be the surest way. 

I think you're over-emphasizing deliberate 
tampering with equipment, hut again, that's opinion. 

Q.Al] right,.Iy suspect: thatsdI«am, but we have to 
think ahead, and a regulatory svstem based on a measurement should 
really take into account its tamperability. 

A. Mmm hmm. All mv opinion was, that from what 
I've seen, there's very little of that qoes on. 

0, Lies not, a iproblem,, Alli right. 

MR. SAMPSON: Q. Dr. Phodes, before Dr. Chase aoes 
on, you were talking a little bit ago, about how the laboratories 
who participated in the study were selected. I wonder if vou 
might elaborate a little bit on what the criteria were for 
participation in the study. 

DRei RHODES pAccAldrraghtehfirstoofflakignthey had 
to be actively engaged in worplace monitoring of ashestos, and one 
of the questions that they were asked was, how many samples they _ 
had counted in the previous year. They had to agree to follow the 
NIOSH procedure, and we sent them a copy of the one that was 
current at that time; andibasically, those werethe» criteria; 
that they be actively engaged, and that they follow the 
procedures. 

9. One other auestion. You mentioned that the time 


for a lahoratory analysis of a sample based on the membrane filter 
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Q. (Cont'd.) method, generally will range under 
thirty minute, ten to thirty minutes, I think you said. 

A. IMmm hmn. 

Q. Do you have anv information on what the cost of 
that analysis might be on the averaqde? 

A. -i€ Your contract) if-vou use an “outside 
laboratory, they generally charge around twenty or thirtv dollars 
for that kind of a sample. 

Now if you're doing it in-house, why that's an 
accounting problem. I might add incidentally Art, that that 
twenty or thirty del@ars*is*the*counting.©-Tf vyou"have* to hire 
somebody to go out and”*colléct it,°you*reé* talking four or five 
hundred dollars a day, plus travel and exnenses. 

Oy Bateattot’ot tines+'that“collection activity 
can be done by in-house rersonnel. 

A. It is, it can he done, ves, by in-house 
personnel. 

OO. °OR Ks 

A. I just wanted to let you know that there were 
other costs involved in monitorine. 

OF Dre Chases 


DR. CHASE: “A. Any discussion of “the precision 


and the inherent uncertainty in a measurement such as this, can't 
really take place without usino terms such as coefficient 
variation, and competence intervals and that sort of thinad, so 
I'd like to, with your permission, just discuss those concepts 

so that hopefully it will lay the groundwork for the presentation 
Of tthe’ study: 


Statisticians are in husiness because there's 
uncertainty in measurements, and if every measurement we took, 
gave us an exact number, then we'd have to look for another 


profession. So the concept of there being a Single person 
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A. (Cont'd.) measuring something two times in 
a row not getting exactly the same measurements, or two cualified 
5 people going in and measuring something that they're not going to 
agree the same way, the fact that there are inherent errors, is 
just a fact of life. So when we, as we consider in any qiven 
situation, all of the possible values that one might get, you 
have a spectrum of possible values, which we calla distribution, 
and in order to describe that distribution, we like to talk in 
10/ terms of some sort of central tendency, or which the common thing 
we use for that is the numerical average, the mean. 
Another thing we like to do, is to give some 
indication of how spread out the data are. 
Could I... (PEPORTER: Reference to blackboard.) 
MR. LASKIN: You certainly can. 
DR. CHASE: “A. The sort of thing I’m talking 


about here, is if I can draw on this scale, simrlyv this represents 


15 


the range of numbers I'm getting. It's in inches, it's in pounds, 
something of that sort. When we consider all the possible values 
that one might get, you often, you're going to get a spread. 
20 Sometimes it looks like this, other times it might be spread out 
like that, other times you get two veaks in it; it varies. 

And in order to describe the numbers, it just, 
we don't often walk around with graphs in our hack pocket. Ouite 
often, we like to describe a set of numbers by one or two 
numbers. We describe a defensive line quite often in foothall, hy 
25 talking about the average weight of the line, even though of 


course, they vary across that. We talk about averages quite 


often. But the reason we want to get another measurement in 

there, is we'd like to distinguish between the situation where 

they're spread out like this, or they're all in there a lot 

x tighter. So, comparing this curve with the peak on Vee Cee 
might be the same average value for those two distributions, but 


they differ, so we need some measurement of how spread out they 
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A. (Cont'd.) are, and in order to measure that, 
the most commonly used measurement of spread, is the variance, or 
the square root of the variance which is the standard deviation. 
It's not necessary to know how we calculate it). Lte Sa Juste cher Lf 
vou have a set of numbers, one is closer together than another, 
the one that's closer together will have a smaller standard 
deviation than the one that's more spread out. 

Well the coefficient of variation is , takes that 
10| one step further, and it talks about the relative spread of the 
Matar and that is, it”s taking, we aenerally in most texts we use, 
when you talk about the mean of a distribution, most textbooks 
will use a Greek letter, and mu is commonly used, and for the 
variance, we talk about sigma scuared, or when it's to the 
standard deviation, whicn is sigma, so the coefficient of 
1%) variation, is how much is it spread out relative to where it 
sits on this absolute sense. 

So the coefficient of variation is simply the 
standard deviation divided by the mean, and while Lt,SEnet 
necessary to know absolutely what that is, perhaps -an-intuitive 
20 example; if we were to measure the lenoth of the table, and have 
a number of pecple measure that length, we would not prosalsly get 
exactly the same, depending on the accuracy of the .eauimpnent we 
were using. But if we were to measure it in. terms..of.aunches,, we 
would get one type of spread, if we were to ask them to measure 
it in terms of centimetres, we would get another kind of spread, 
251 even though they're talking about the same length. So the inches 


and the centimetres will differ, but if we were to compute a 


coefficient of variation for the inches or the centimetres 
counterpart, the coefficient of variation would be the same. So 
it sort of becomes a dimensionless measure, which tells us how 
much those data vary relative to where they're sitting on this 


30 
absolute scale, and the reason for going into that in so much 
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A. (Cont'd.) depth, is that that's the most 
commonly used parameter in describing the environmental data or 
the indusrial hygiene measurements. 

DR. MUSTARD: 9. Can you say again what you Gig tO 
calculate your coefficient of variation? It's the mean over the 
standard deviation. 

DR. CHASE: A. No, fee che standard deviation 
over the mean. 


10 QO. Can Ijust ask you a sinpie question? Since 


you're measuring fibres, why wouldn't you just use standard 
deviations? What's the advantage of doing coefficient of variation 
when you're stayina within a standard unit of measurement, in 
which everyboby understands, and no two standard deviations, sort 
of everything's, ninetv-five percent of your data's within that? 
by mhat's a dimension most neonle are familiar with 
in my field. 

A. Your auestion is good. If I can't really get, 
other than the historical, that's the way in order to relate it 
to the wav everyone has done it, it's necessarv to talk about 
20 coefficients of variation, but it's certainly, your point is a 
valid one in terms of intuitive understanding. 

One J AipaASsk. A further cuestion. Ninety-five 
percent confidence limits entered, calculated to the standard 
deviation in the table that's appended to your ArGicres 

dh. dam SOG « 


25 Qaerhe ninetv-five percent confidence limits 


which you show in table one,,.those are calculated from the 
standard deviation. 

A. That's right. 

OF Oaks 

A. That's right, yeah. 

DR. UFFEN: Q- Could I make an observation here? 


30 
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DP. UFFEN: 9. (Cont'd.) We don't just measure fibres 

we measure fibres per nl, and to accomplish the variation 
5| then would take into account the variability in the flow rates, 
if there is any. 

DR. MUSTARD: Well, the mean of the standard 
deviation if that's ... 

DR. RHODES: A. Could I comment on that? Actually 
we do. The coefficient of variation is a convenient way to 


10 
correlate, if I may use the term, or to present a generalized 


picture of variability, but when you actually get to a situation 
where you're calculating confidence limits, you come back, you 
back out the standard deviation and use that to get your 
confidence limits. 

15 DR. CHASE: A. You're actually getting into one of 
the things that I was going to get into. 

DR. RHODES: Oh, I'm sorrv about that. 

But the gentleman here is correct. You use the 
standard deviation when you actually aet around to calculating 
confidence limits. 

a DR. CHASE: Yeah, well, I know you do that, but I 
just didn't want to, I wanted to ease into it rather than lean. 

DR. RHODES: I'm sorry about that. 

DR. CHASE: A. Well, the next thing of course,is 
we then, that as a unit, isn't going to do us any qood because 
#0 what the bottom line that we're looking for here is, we do have a 
final measurement in fibres per ml, and we'd like to know how 


much uncertainty can we place on that number based on what we 


know about the measurements that we took, and so that's where then 
this coefficient of variation is then used, using the appropriate 

manipulations, to arrive at this uncertainty range, that we're 

: 30| going to get for the final number, the fibre count, the fibre per 


ml count. And that brings up the concert of a confidence limit. 
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A. (Cont'd.) One way of introducing that, that 
concept, is to consider an unrealistically simple example first. 
Suppose that I were to measure something with a measuring 
technicue that was not perfect, but I did know tat De wouldn't he 
off by more than two units. So whatever number I get, Ltcarn be 
Sure that I'm measuring exactly, but I can he sure that ats" S2errO 
more than two units off. 

Sol if. ‘Ik have: that! rsi tua tbomprli sit picking up 
O.K.), I'm always within two units, inches, pounds, whatever it 
is, and suppose I happen to get a measurement off ten) then ek 2 
get a measurernent of ten, knowing that I'm always going to he 
within two units of whatever this is I'm really trying to measure, 
then I can state with absolute certainty, that it's somewheres 
between eight and twelve, because I'm never doing: to be avay- from 
it by more than two inches, or two pounds. 

Now let's extend that just a little further, and 
say I have a measuring technicue that is vrettv good, and most of 
the time, I'll be within two units, not all the time, but most of 
the time. 

Therefore, if I get a measurement of ten, I'll 
say, well, I'm pretty sure it's between eight and twelve, but I 
can't he absolutely certain, hecause of this thing that I said, 
most of the time, I measure within two units of something. 

All right, now how likely am I to be more than 
two units away from it? That's the uncertainty in the final 
statement I make, and that's the thing that dictates the level 
of confidence that you talk about, when you construct the 
confidence interval. 

If I stand a five percent chance of being more 
than two units away from this thing I'm trvina to measure, and I 
give an interval such as that, then I standrta five percent 


chance of being wrong, or converselv, I stand a ninety-five 
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A. (Cont'd.) percent chance of being right, 

and that's a ninety-five percent confidence level. And it's this 
5 not having the measuring technioue, whatever it ist mo crying 
to measure, that is subject to error, and I accept that, but 
what I want to do, is have a handle on that error, SO that one 
statement I make, will not be made with absolute certainty, but 
I can control the chance that I will make an incorrect statement. 

And it's this trying to measure something, and 
10; then put a range on the values that we could reasonably expect, 
from the value that we got, that ‘leads us to this whole thina of 
a confidence interval. 

Now where's that er .-- (PEPORTER: reference to 
blackboard eraser.) 
ag If I can come back to that. If we, relatina tuis 
now to the types of measurenents we're talking about, cle 
hypothetical thing of a number of neovle measuring the same 
workplace environment on a specific worker, there are a collection 
of values that one might get, and we can represent those by a 
curve, and just for convenience, I'll draw a somewhat syvmetric 
20! curve, for the purpose of illustration, so the height of the curve 
here, represents the chance that one would get that value, and 


if we wanna put on this scale, we can put fibres ner cubic 


centimetre, someone measuring a particular work environment. 

Then if one person comes in and measures, thev 
might get a value here, another one micht have obtained a value 
a over here, or the whole spectrum, but it's much more likely that 
we get it where the curve is higher, ‘cos that represents the 
higher likelihood of doing that. 


) So in the middle here some place, sits this mean. 


This is the parameter that we're looking for, and all the others 
| 39} just the error that's inherent in the measurina technique. 


Now what happens is, if you Might suppose Lox 
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A. (Cont'd.) example that we take the upper 
portion of this curve that sav has two and one half vercent, so 
5| be above this point just two and a half percent rise. 
There's another corresponding point down here, 
where two and a half vercent of the values will fall helow there. 
Now what happens is, in the actual construction of 
confidence intervals, when I was talking about, and for convenience 
let's take the ninety-five percent confidence interval, when do 
10/ you make the incorrect statement, and when do you make the 
Correct statement? 
Well, you're going to make the incorrect 
Statement, when you fall in one of these, when vou happen to aget ~— 
the possible but not as likely extreme values from this 


diStribution. So when you're far away from the true value, you're 


15 
gonna make the incorrect statement. When you're in the middle, 


you're gonna make the correct statement. 

Now of course, if you take a single sample, you 
don't know where you were relative to this thing, because vou 
don’t have the whole distribution) but if? rl as a statistician, ao 
20} through life constructing ninety-five percent confidence intervals 
for people, then there's going \to he a tally sheet uv in the Sky, 
and when I get up there; jhepefully,"they can look at my traci: 
record, and if I was doing things correctly with my ninetv-five 
percent confidence intervals, then ninety-five percent of the 
time, I was correct with the interval I gave, and five percent of 


25 the time I was wrong. 


Most of the time, ninety-five percent confidence 
intervals are used mostpofmtnemttine Sn practice, although it's 
not always, there's nothings) maqicrvabour Wt, the biagest 
convenience there is that: Wf vou look) ine most textbooks, you'll 
find that there's certain values that are takled. There's 


30 
something that'll allow you to a ninety-five nercent, there's 
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A. (Cont'd.) something that'll allow you do a 
ninety-nine percent, and something you do a ninety percent. Thats s 
5 the convenience of the tables. 

The situation should dictate the level of 
confidence that you wanna use. 

All right, now that's the situation that existed 
when we draw a curve like that, and we talk about all the possible 
values one miaht cet, that's the sort of information that we don't 
10} have. We as the person who's taking the sample, ena 6 See 
information that the recording angel has, when they're making up 
my tally sheets. 

If we take an actual measurement, we come up 
with one number. So we end up with a single value, say one point 
two fibres per cc. Now the thing is, when somebody takes a 
15) measurement, and arrives at a value of one point two fibres per 
cc , what they need to asl in order to construct this confidence 
interval, is it certainly could have come from something that 
centred there. It also might have come from a curve that was down 
here, and it tended to be up in the high side of the possible 
99| Values you might get. It also might have come from a curve that's 
sitting up here, and it represents the low value in’ the total 
distribution, and the thing is that we don't know whether it came 
from this kind of a situation, whether it was a low value on it, 
or whether it was a high value on it. So what we need to do then 
as statisticians, is to consider all the possible curves that 
25} might have given such a value, and what we do, is we say, let's 


take all of thosethat could reasonably have given us this number, 


and what's reasonable, well that's again, dictated by the level 
of confidence that you happen to select. 

If you do a ninety-five percent confidence, then 
you use that argument that we had just now. We took those two 


30 
ends of two and a half percent. So the actual construction of the 
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A. (Cont'd.) confidence interval then considers 
all the possible curves that might have given you the measurement, 
5| and picks the collection of those that are quote, Reasonable, 
unquote, reasonable being defined by the level of confidence that 
happened to be selected. 

Now when we talk about what reasonable curves one 
might have, that might have given rise to the number vou were 
Gerting, at this point, 1'd just like co pur a footnote on 
10) what I'm saying, and that is, I've been drawing curves like this, 
but in actual practice, we don't know what the curves LOOK ike. 
In other words, are the curves that I'm getting nice and 
symmetric like this, or do they, are they more bunched un at one 
end, and trailing off, or do they have those two hlips On Cher, 
‘¢ like that one I drew before? 

Quite often, we're not in a position of knowing 
what type of curve we're sampling from, so what we do" then, Ls 
what,we would like to develon procedures, statistical procedures 
that would not be sensitive to the ferm of the curve. In other 
words, I'd like to make what I said hefore, is in my example 
20| with the tally sheet in the sky, in order form me to pe correce 
ninety-five percent of the time, I'm going to nave to, the 
theory behind what I do, is going to have to be anprovriate. 

If I make an incorrect assumntion, then I might he 
Wildly Off,’ and that’s when. they are going to puta big> red cross 
across my tally sheet. 
cay So the term that's used for this in statistical 


jargon, is, Robustness, and the best way to do that is perhans 


give an example. 

If you're going to do a particular task which 
requires a screwdriver, it's best to have the screwdriver that's 
390} exactly the right size for that particular screw, or on the other 


hand, if I'm, I would like to do something that I wanted to cut 
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A. (Cont"d.) something with, a screwdriver 
generally isn't the tool I'd want to use for that. So tools are 
5| designed for snecific tasks, but if I'm going off on a wilderness 
trek some place, and I might have a need for ‘some tools, f 
can't carry my toolbox with me. So what I'd like to do, what we 
often carry, iS a jackknifes°A-jackknife can be a many splendid 
thing. It may not be the most appropriate tool if vou knew everv- 
thing you knew about what you were gonna have to use fe For; 
10) put you can get “by with *itP*and you'can “get the job done. 
Statisticians like to develon procedures that 
are “jackknives, “infact “there 's*a whole class of procedures called 
the jackknife procedures, but what we do is, for those thinds 
that we can't verifv, or those needs that we can't perceive, we 
a have no knowledge of. 
We want to have procedures that aren't going to 
be sensitive to those, so that what we say is appropriate under a 
broad spectrum of vossible conditions that miqht exist, and the 
reason for going into that much depth on that particular Pole 
is that quite often, when you read an analysis of data, whether or 
201 not it relates to fibre measurements or not, you'll see certain 
assumptions going into the analysis of those data, and what we 
want to do is keep those assumptions that we can't Verity 7” co “a 
minimum, so that the statement that we make at the end, was 
appropriate, so we had that broad tool with “Ws “that allow our 
| statements to be correct. 
2 Now one of the thinas that, the outcomes of the 
Round Robin study, revealed that the coefficient of variatron 
were higher when we took the complete measurement of the inter— 
filter, inter-laboratory. In other words, one laboratory, the two 
filters were sampled on the same worker. One filter went to 
39| Laboratory A, one filter went to Laboratory B, and it was 


| randomized. Then by comparing the measurements that Laboratory A 


| a 
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he. (Contac)  Gotlon=thes.ett filter with the 
measurements that Laboratory B got on the right filter, we saw 
more variation as measured by the coefficient of variation. So 
that we can compare it with the rnrevious thinking on the subject, 
the values were higher than had heen previously thought. One of 
the reasons for a possible explanation for that is simnly that we 
collected data in order to investigate the variability that 
simply had not been, that type of data, that extensiver data base 
had not been available before this noint. 

Now when we calculate, now here I have to 
apologize, I had some trans-, some of the tables that we have in 
the Round Robin study, the transparencies, are still sitting in 
Denver, so l Can't put if up, bute we arrived at, ana here lom 
referring to the tahles that one finds in chapter seven 

DR. DUPRE: I think Dr. Chase we all have copies, 
so if you want to simoly refer us to the vage number or the table 
number. 

DR. CHASE: A. Well, doing to the collection of 
tables at the end of, and graphs, the figure seven point three, 
those curves, 

DR. DUPRE: We're not auite there vet. 

MR. SAMPSON: I helieve the fiqures are after the 
tables. 

DR. DUPRE: Counsel, do vou have it before you also? 

MR. LASKIN: I think we've all caught up to it. 

DR. CHASE? A. The final draft will have alt of 
the page numbers on it, so one can find it a Tittle mere easily, 
hopefully, tnan this. 

When I, and the thing I was talking about before, 
was the comparison between Laboratory A counting the left filter, 
and Laboratory B counting the right filter, that were 
simultaneously taken on a single worker. 


That's the type of variation that's represented 
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- 36 - Rhodes/Chase in-chief 


Ne. (Cont. ) coin *Eleoure-seven point, three;.the 
interlaboratory, interfilter variation, and when I say that 
though the variation that we found was greater than had 
previously been thought, it's those curves, those are coefficient 
of avariation-curnves).related.te the number:of fibres counted, which 
again is the wav that people have been presenting those data, so 
it's we felt, it was appropriate hecause of the; 

1: the wav-the historical presentation of the 
data;oand 

2: the number of fibres counted is an important 
consideration in terms of the uncertainty inherent, in the data. 

So that those hiahest curves are higher than 
previously been thought, that the lower one is just that 
theoretical lower bound that no-one has ever thought, contended 
we would reach, but that has been put in just for a perspective, 
so when I say it's higher than previously thought, if we were to 
draw curves from previously thought, they would fall hetween 
those two curves. 

So those represent then, the best estimates that 
we could arrive at, of the coefficient of variation, as we relate 
it to the numbertofyfibres-counted on,the,filn. 

DR.-gUFFEN:.Q92 Gould,I, relate this if.nossible.to 
a statement you made in your summary paper, where you were 
comparing coefficient of variations with other kinds of 
measurements other than ashestos? 

DRieCHASE teAn Yes. 

@.-Sovthat}, £0 get aigqrinp Onetheasize of things; 
it's on page sixteen of the measurement of asbestos levels in the 
workplace. Towards the bottom of the page, it savs, 

"To place the vhase contrast method in perspective, 

a 1977 NIOSH survey of nearly two hundred approved 

monitoring methods, should CVs ranging from point 


O four, to point one three,“which are very much 
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DROW UFFENS (Cont?d.).smatler than we aremiooking ats 
It appeared to me to be smaller than your theoretical lower 
earact. 

A. Oh, now those are not, the theoretical lower 
limit applies to asbestos, anc not specifically. 

Oi (Owns GOOG. 

A. And that's derived from the poisson 
distribution Dr. Rhodes mentioned earlier, and acain, if I could, 
10; poisson is encountered, that term, well, I shouldn't say you'll 


encounter it a lot. If you look in the appropriate literature, 


you will encounter it a lot. If vou stand on a hiqhway, and 

count the number of cars that go by in a five minute veriod, as 
Wong as vou re mot standing next to a stopliaht, 1f vou go sout in 
the middle, where things are allowed to sort of flow at random, 
2 if you count the numker of cars that nass hy in a five minute 
period, and then you do it in another five minute period, and 
then you do it another five minute vneriod, the distribution that 
that number has, is a poisson, very close to 1t. If vou count 
the number of radiation measurements durina a snecific period of 
20| time, you get the same kind of thing. 

lfrel were sco put. a bunch of varticles an 


suspension in this glass, and mix it un, and then I counted the 


number of particles in a small amount of that, and then I counted 
the number of particles in another same measurement, that would 
sort of fall as a poisson, and the analogous thing holds true 

25; with particles, fibres in the air as we think of them as heing 
mixed up, then as they fall on the filter, as the air is being 
drawn through the filter, theoreticallv, we get a fibre as just 
as likely to fall over here on the filter, as it 1s over here on 
the filter, so we tend to get this, what's called the Uniform 
Distribution on the filter, and when vou count, according to an 


30 
unbiased counting rule, you will cqet theoretically then, a 


taste 
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A. (Cont'd.) poisson distribution of counts. 

And that's where that lower line comes from. 

DR. UFFEN: Q. And then the final step, am I 
right, rs*tne theoretical poisson distribution for ashestos, is 
a lot worse than it is for similar types of measurements for 
other things? 

RivVveah;, well-the theoretical one .--. 

QO. Worse in the sense that the coefficient of 
variation is much higher. 

As fhates trues although when you relatecatnto 
the NIOSH measurements, those are really based on empirical data. 

In some instances, it miocht be theoretical, but 
mostly, it's empirical, and the study that Dr. Rhodes mentioned 
earlier, which was commissioned by NIOSH to investiaate the same 
kind of thing really, we're investicating here except it wasn't 
with asbestos. 

What they found generally was that they did tend 
to get coefficients of variation, and we'll see it when the 
report comes out, but they did get, when they took the collection 
step into account, and they did commnare tnese things that were 
taken simultaneously, they tended to get values that were higher 
than were reported in that NIOSH bulletin, for the four 
contaminants of interest that they looked at. 

Phe fact that we have found something higher than 
was previously thought by taking the collection step into account, 
is totally consistent with what thev found. It's just that 
asbestos is more difficult to measure, so we have more uncertainty 
in the measurement. 

DR. DUPRE: 9. Could you just give me a couple of 
for instances, of the substances that yield these lower GVsiyin 
the monitoring methods? 

DR. RHODES: A. Any of the cadmium lead ..- 

DR. CHASE: A. Lead was tne first one that comes 
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BM (Contras) ‘eosimund 
DR. RHODES: A. Thev're all wet chemical methods, 
5| Or mostly wet chemical methods. 

DR. ‘MUSTARD: O2' Mav “I “interject .a comment here ;~or 
a question ahout this problem? It comes from Dr. Uffen's WOd Titus 
I've unfortunately been involved in particle counting for 
periods of nearly forty years, and the errors that you're talking 
about on the particle counting here, seem to me not very different 
10) £¢rom the errors which are well established in particle counting 
which I worked through in 1940. 

Is there really any substantial difference in the 
logic of Berenson's assessment of errors and particle counting 
using optical microscones for cells of the blood, and what yvou're 
ae actually Looking at here? 

Is this really an application in the industrial 
field for particle counting with the optical microscope, which 
really fulfills essentially the rules that he established? 

Do vou know what I'm referring to? 

DR. CHASE: A. Yess 
20 DR. MUSTARD: Q. Is that apnpnroximately the same ... 

DR. CHASE: A. You're in that same area, very much. 

DRE MUSTARD SO Lt*s really, 7OFr. ULcony — Gun © 
think it's really substantially different than what's, veople 
have to count particles to tell whether you've got red cells or 
white cells. That's always a built-in problem in the actual 
2S counting routine. 

DR. UFFEN: The thing which I'm trying to grasp 


here is that, it seems to me that we have some of us perhans fOr 
‘ ‘= ye 


the first time, an indication of the best that can be achieved 

for asbestos measurements in the CVs for the theoretical poisson 
30 distribution, and whether we like it or not, it's worse than 
blood cells, or lead particles, or something else. 


DR. MUSTARD: Oh, I believe maybe better than for 
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DR. MUSTARD? (Cont'd.)) blood cells. sir don! tebe... 
(REPORTER: Laughter.) 

DR. CHASE: A. Yes, well, Dr. Rhodes was just 
phrasing another way of the thing, and I was trving to emphasize, 


and that was that in the chemical analysese for the other 


contaminates we're talking about, this poisson doesn't even 

enter into jt. LG's. ust that, the counting of particles sqives 
rise to that discussion. 

10 DR. MUSTARD: As a good example, if I midqht 
intericcot colts, LOb toh. «ULlen,. 2Set¢ -teatrve TO.eStimate  V7Our 
amount of haemoglobin by counting the amount of red blood cellsin 
your blood, I will have a high coefficient of variation hecause 
T*m caught with the particle counting problem, but if I simply 

do a chemical estimate of the amount of haemoglobin in vour 

15) plood, I'll have a very small coefficient of variation, and a 


much closer estimate. 


DR. CHASE: A. That's an. excellentolanalogy. 

DR. RHODES: A. The theoretical lower limit for 
the fibre counting, or for particle counting is well, fairly well 
established. It's not a new idea at all. 

DR. UFFEN: You hesitate? 


20 


DR. CHASE: A. No, I'm gonna reaqret saving this, 
but in fibre counting, the theoretical limit is actually a 
little bit lower than that, and using nrevious counting technics, 
that's the lower limit. Using the counting techniaue that was 
25 recommended in the article I referred to earlier, and I guess if 


i'm reterring to an article, 1. should give it to .you just (so 


that you know what I'm talking about, the one by Dr. Cooper 
Feldman and myself, the one that led to NIOSH changing the 
counting rules. It's somewhat analogous, what you do is count 
ends .of fibres, and) Givice: by two. 1lt's sort ofilike to, count ja 


Cattle herd you count the feet, and divide by four, but 1t‘s, 
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gy 2 ge Phodes/Chase in-chief 


A. (Cont'd.) there are theoretical reasons why 
ies Silgutty Detter to uo itt, tliat wav, so that Im not being 
faicncu. CO My ctieorecical Mat, 2£f L aon -t just put that tootnote 
ats 

Now having said it, please forget I said.it. So 
there are some, it's an interesting example where sometimes 
where one flopped. There was a theoretical lower bound. You can 
come at 2t from another direction, and find it, lo and penold, 
that wasn't the lower bound. It was just hecause vou were looking 
aC 1t with horse "Diinders. On. 

So please forget I, the silence indicates vou've 
already forgotten about it. 

DR. CEPen: All fnss"means 26, 2°m trinking a,ouc 
segs 

DR. CHASE: A. Now, these coefficients of variation 
that are estimated from the Round Robin studv, represent the 
uncertainty inherent in the count for a single filter, and quite 
often it's necessary or desirahle, to take more than one filter, 
in order to assessthe, come up with an estimate of the time 
weighted average of exposure for a given worker. 

So we now, these curves that are not direct, if 
we were to take, go into a workplace, and select a worker, 
ana put one’ filter-on” that worker for the morning shift, or 
morning half of the workshift, and then put a second filter on for 
the second half, that involves two determinations, and it gets 
into the distinction between those different error categories 
that Dr. Rhodes had on the transparency earlier. 

So in order to come up with an estimate on the 
uncertainty based on two fihre counts, that is two filters, it’s 
necessary to now go through some manipulations in order to arrive 
at the uncertainty, for the final time weighted average estimate 


based on two filters, because these are for a Single filter. 
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- 42 - Rhodes/Chase in-chief 


A. (Cont'd.) We have done that to illustrate 
the kinds of confidence intervals one might come un with, and 
illustrate, because we have in the discussion in the Round Robin 
report, all of the caveats that go into what distributions we 
use to illustrate this, are there, but if we could just cut 
through all of that, I think the technical caveats are in the 
report, but we can go to the table one on page unnumbered, which 
falls right after nage twenty-five in the thing that was given 
10), to you last night. 

What we've done here is to calculate, to 
illustrate the sort of confidence interval that one miacht come up 
with, based on a measurement, and then the reason for going down 
here and saving the number of samples. That qets at the point 
that 1 was Getting at carlier, and that is, to use. those curves 
for the coefficient°of variation. 

If I have a single filter to estimate the exposure, 
then I can use that curve somewhat directly to arrive at it. 

My confidence interval that's nvassing through all of those 
manipulations I alluded to earlier, that one must go through, in 
29} Order to use the coefficient of variation to arrive at the number. 

However, when I get to more than one, filter, 
then I've got to go through some additional manipulations to 
arrive at that, but as Dr. Mustard indicated then the bottom line 
relates in the same scale,that fibres per ml, that we originally 
wanted. 

25 Now these refer to in examnle as an observed 
value of point one fibres ver cc. Then the confidence interval 
that one arrives at in these examples, goes from , it goes 


roughly over an order of magnitute there, from something, point 


O two to point three roughly, and the fact that we've taken these 
30 off to the second and third decimal point does not, vlease don't 
—— that as being that we can measure to the second and 
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- 43. —- RPhodes/Chase in-chief 


AS. (Cont ds) | “third decimal, tts simpry 
necessary to do that, in order to make these calculations forthe 
illustrations, 

Here we're going down to a measured value of 
point five, one might come up with a confidence interval that 
would range from down in the range of point one up to the range of 
one. 

Likewise then, the example some exammles that we 
have used for an ohserved value of one. 

MR. SAMPSON: OF Dr. Chase, can i “ask vow a 
couple of questions about this, to maybe try to explore ait a 
Vase Le ba, 

Let's take the example of the middle row there, 
tne TWA measurement of point five fibres ner cc. Now that’ would 
be a case, and let's take the top line there, which is one’ eight 
hour sample. Now what that would mean is that if an emplover 
went in, and took one eight hour sample of a worker on day - today, 
and got a measurement of point five, those ninety-five percent 
confidence limits on the right hand column ‘there; indicate, ‘are 
an illustration of the range of Vikely true values ‘that that 
measurement might reflect with ninety-five percent confidence. 

DR. CHASE: "A. that so COorrece. 

Q. Now let's just hvpothetically say that the 
recording angel knows that the real value was on the high end of 
that range, so that the emnlover measured voint five, but the 
actual exnosure was one point three seven. 

Given the variability that's shown generally 
here, on this table, if somebody else had come in and measured 
that same worker on that same day, using again, a one eight hour 
sampling protocol, how high a measurement conceivably could that 
separate independent sampler have gotten, just in general terms? 


i recognize the table here is... 
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ae 5 Se Phodes/Chase in-chief 


DR. CHASE: A. It could be in the neighbourhood 
of two, and the reason for that is, I come in, and measure, and I 
arrive at a confidence interval that coes sav from point one 
three, to one point three seven, taking that example. 

And suppose that this is one of those ninety-five 
percent times that I'm right. My interval contains the, cuote, 
true value. Then it sits right up here at the high end of the 
range. But I'm right, my interval contains it. But then let's 
take that hypothetical situation where somebody else had heen 
there that same day to measure that same worker, and they got a 
value that sits up here at one point nine. That was their 
measured value. I measured recall down here at Point “five yeLet!s 
Say thev're at one point nine. They construct a confidence 
interval that goes, and I'm culling this one from mv head, from 
One point two, to two point five, and we said that the value was 
right in here. I should move the one point two down a little bit. 

So they're right also. On their tallv sheet, 
they've made a correct calculation of the confidence interval, 
and that's totally comnatible with the kind, and I'm taking this 
is one of those extreme examples of what can happen, but cuite 
likely in varying deorees. 

Q. Is it a probability of greater than five percent 
that something like that could happen? 

A. Well, we would both he richt, would hanpen 
point nine five squared. That we would hoth be right on a given 
day, if we're both constructing ninety-five percent confidence 
intervals, will happen about ninety percent of the time, 
because,now you're not asking that one persontbe right, vou're 
asking that the second person he right also, and we're getting 
into some probabilistic arguments when you talk about that. 

So the chance of having both people correct, 


will happen about ninety percent of the time, if they're 
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SSL = ner Rhodes/Chase in-chief 


A. (Cont'd.) constructing ninety-five percent 
confidence intervals. 

9. Does that mean that's a ten percent chance of 
their being wrong? 

A. No, there's a ten percent chance that they hoth 
won't. be right. 

O. No further -cuestions. 

A. Let me just, this thing 1s drying out; of © 
set it upside down, will it regenerate itself? (REPORTER: this 
remark has reference to the chalker.) 

This was Industrial Hyqiénist One, ana “tuis “is 
Industrial Hygienist number Two. Number one could either be 
eorrect, or incorrect. Number two could Gither” be correct .or 
incorrect. And all four of those, the thing that we were talking 
about was that the chance of them both being correct; 1s point 
nine five squared. 

The chance of this one being correct, and this 
one being incorrect, is point nine five times point 0 five, and 
here, it's noint nine five times point 0 five, and the chance of 
both of them being wrong, is point 9 five squared. 

When you begin to tall: about the chances of two of 
them happenins, you have to talk about this four” fold table} and 
when I said about ten percent, it's these three things combined. 

Q. But when Industrial Hycgienist number Two is 
the enforcement officer, then Industrial Hygienist number One has 
to really consider all three of those blocks outside of “the 
Situation except when thev're both correct. 

A. Thats rVone , ire Figin. 

Q. So if point nine five scuared’ is ahout point 
nine, then he's got to consider a ten percent vosSsihility that the 
Industrial Hygienist number Two will come in and find a different 


measurement, and in effect, claim a violation, based on that 
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ae Oe Rhodes/Chase in-chief 


9. (Cont'd.) measurement. 

A. That's correct. You're getting, those are the 
kinds of consideration that need to be taken into account when 
the, 1£ you will, the company industrial hygienist takes the 
measurement on the worker, and would like to infer something about 
what might happen if someone else were to do it. 

QO. O.K., well going back to that example we were 
talking about a minute ago, that one eight hour measurement, and 
you come out with noint five, this table one here on the screen 
suggests, correct me if I'm wrona, which there's a ninety-five 
percent possibility of that, that suagests that the employer, or 
the industrial hygienist who took that measurement can only he 
ninety-five vercent certain that the worker he measured on that 
day, was exposed at a level of one point three seven fibres ber icc, 
or “less. 

A. Yeah, well actually, it's ninety-five nercent 
certain that it would fall hetween the point one three, and the one 
point three seven, because we constructed our confidence interval 
to allow two and a half nercent on the hich side, and two and a 
half percent on the’ low side. 

Therefore if we're qonna say, how confident is he 
that it's less than one point three seven, we have to sav ninety- 
seven and a half percent. 

Shee, rsisGe 

A. But it is an important point in terms of if 
you were to construct a confidence interval in terms of two sided 
or one sided. It's possible to do it both wavs. 

Q. But this illustrates the two sides. 

A. This illustrates the two sides. But in some of 
the calculations that I'm going to refer to later, they were one 
Sided, which is the most anprovriate way in the context in which 
we'll get into. 
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By Rhodes/Chase in-chief 


DR. MUSTARD: QO. May I ask a question about the 
data in table eight - one, in the exhibit that was given to us 
g| tabronerof ithe ‘exhibit, tomtiseitetab three? It's ttabsethree lofitthe 
exhibit, and table one of the material, what's it called, tah one, 
the one that we just got yesterday? 

MISS KAHN: Tab eleven. 

DR. MUSTARD: 0. Tab eleven. The data in table one 
is derived from the data in table eight. I'd like to make certain 
ie) tiwe, gottabl ofthis jc hear. 

DR. DUPRE: Do you have table eiqht - one? 

DR. CHASE: Yes, yes. 

DR. DUPRE: Just before we cet into this, does 
everbody have table eight - one, out of a Round Robin studv? 
| MR. SAMPSON: Table A - one is at the end of section 
7 eight - three, iftanyonedis “having ddifficulty finding litlawell, 
they're written on there, and thev didn't come through on the 
xerox, unfortunately. 

DR. DUPRE: Are we all riqht? Then please proceed 
Sey uStard « 

20 DR. MUSTARD: Q. Just have this first point, these 


are real data. They're collected from a Round Robin study. Is that 


correct? 

DEO CHASE Acwiay nohethose ane bA¢ 

Q. These are theoretical data. 

A. That's right.It was said, sunpose we aot a 
25; value of this. 


Q. Wellcthen, “let «me ask a question) on ‘as “I 


recall vaguely some of the calculations that go into particle 
counting, the actual number of particles counted is an extremely 
important determinate of the error estimate. 

HOouThaetslcorrecks 


30 
Q. On table eight one you have the what I yrresume 
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DR. MUSTARD: Q. (Cont'd.) relates to experience, 
that the higher the fibre concentration, the more fibres you'll 
count in the field. Is that correct; is that what that estimate 
is in table eight one, is supposed to show? 

WHclhiat Tetcosre cer! 

Q. What happens to vour calculations if you go 
the other way, and say that you will require the same number of 
fibres to be counted. In other words, you go to a number of fibres 
that must be counted, then estimate whatever vou say, I'm going to 
have to count seventy, right, let me take the TWA of zero point 
one fibres per ec., Which tyou got/-esevdnofibres counted iner 
filter,and now if you go down to one fibre per cc, we're countina 
seventy fihres per filter. But you told me you take a seqment of 


the filter’ to count, so that vou've got more of the filter there. 


You could “thereforeictechnicablyrparticulaniyv 
using scanning systems, automatic counting, force onto the svstem 
a requirement that they all count seventy fibres, have to qo to 
seventy fibres. 

Do you have any idea what that does to your 
confidence limits estimate? 

A. “Yean,;, "EB can give youcsonestbablpark, that's an 
extremely good question, and one that neople have said we can 


solve the whole problem by simply, when, if the biqgest source of 


air is from our counting nrocedure, then we can eliminate a lot of 
the problem, by counting more fibres, and in fact, well, let me 
just digress for one second. The counting procedure for the rules 
that are generally followed, the ones that, the NIOSH rules that 
were followed here, call for counting at least, vou first begin 

by counting twenty fields of view. Then, if vou've already reached 
one hundred fibres, you can stop, but if you haven't reached one 
hundred fibres, you continue to count until one of two things 


happen. Either you've reached one hundred fibres, or you've 
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A. (Cont'd.) reached one hundred fields. And the 
thing that you're suggesting, would sav, let's require everyhody 
5| to count, we could change those rules, to make sure that they 
counted that one hundred fibres more often, and don't allow them 
to stop at one hundred fields, but let's extend that out and 
count more fields. 

It would predictably imrrove the error comnonent 
from that uncertainty of the distribution on the filter. 

10 The available data suggest that it would not have 
a dramatic impact at all on the total] uncertainty that we had. 
And I rely partially for that statement on some theoretical 
calculations that I made at the time of the initial thing, where 
the bias was uncovered in the countina rule, but I don't have 
Lhat to o7ve vou. 

os DR. MUSTARD: 0. I guess mv reason for the question 
is, having to count myself in these fields, the requirement to 
reduce the error comrnronent in the counting part of the system, was 
that you had to ao up almost exponentially in the number of 
particles you counted that have Significent effects on the error. 
20 But I guess the reason for my question is, with 
modern electronic counting methods, which are certainly well 
established in other areas of varticle counting, and we've had 
some evidence that they may be, are heing applied in this field, 
do you have any evidence of, when you now have that electronic 
capability, to increase your particle counting significently, vou 
25; know, by a factor of tenfold? 

What does that do to the confidence estimates, do 
you know? I mean that's a big change in the particle Counting. 5 


realise the numbers of particles ... 


A. Yeah, there I wouldn't really have a feeling 


for it. Within the context of counting having the microscopnist 


30 
count more, there I have a feeling for it. 


“a 
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Ae (Conetaey Yr we gO into another arena, where 
something else is doing the counting, then what LT would Like, is 
a Round Robin of those automatic techniques. 


DR. MUSTARD: O. But what vou could do from 


established data in other fields of Ynarticle counting, where there 


have been theoretical estimates, and actual estimates worked out, 


about increasing the number of counts done, 


You could Plug that into your model here, and just 
See what it does Sometime, couldn't you. 


A. That one could d05 Ves." 7 would just add the 


Other caveat that some of the Particle counting, the automatic 


particle counting techniques in the fibre thing, requires Some 


technical break-throughs, before that WOuld ™ he ; 
aware of that. 


but I know WOU ze 


YES) but certainly one could go through those 
kinds of Calculations 


DR. RHODES: a, CSrry, Could tT comment? The thing 


that you're working on there though, is the sample evaluation Step, 


and it would not impact on the collection 


DR. MUSTARD: I realise that, 


See what the Magnitude of the respective cont 
are, really. 


20 and I'm trying to 


ributions to this 


DR. UFFEN: 9. Am [ richt, 
table eight one, and it doesn't sh 


this shots Up in this 
Ow up in table one? 


DR. RHODES: a, That's right. 
25 


Q. There's an appearance of a better coefficient 


of variation, but when you look, you fina vou only measured seven 
£rbrnes so: Fe may be a, is this rignt? 

A. You've got seven fibres ner filter, 

QO. Per rilter, Well, ves. 
30 DR. CHASE: A, But eight samnles, 


DR. RHODES: You've got eight samples, Wnat we did 
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Aw (Conthayy Don that, by wav of explanation, is 
just take the total number of fibres we had to count in an G€ight 
hour period, to give that concentration, and then assume that 
they would get equal numbers on each filter, rather than trving 
to play aames, randomizing the numbers on the filters, 

It was-an illustration, rather than a firm 
example of exactly what you would expect: 

DR. MUSTARD: 0. The Other question that I have 
in relation to those tables is, I assume that vou have calculated, 
well you indicated that you'd calculated the ninety-five percent 
confidence limits by using the logarithms of the dake a1 
presume that's what you've done, that as the actual calculation 
that you've transformed them back into your* numerical units. Is 
that correct? 

DR. CHASE: A. That's SOrrects 

Q. Is the coefficient Of variation calculated 
using the logarithms of the data as Wells Orttis at meaning that 
these are analogous calculations are all done at the same 
transformation of the data? 

A. No, and it has to do with the coefficient of 
variation is a quantification of the, of that uncertainty that's 
inherent in the measurements we're getting. And that's related to 
the actual measurement. 

Now when we talk ahout using the logarithms, it 
was, we used the logarithms because we were taking a log normal 
distribution, and when we have a log normal distribution, we qet 
Shat, tf Chis. a6 zero here, we aet something that tends to come 
up, and then gets snewed out, and this is the actual count, 
whereas, if we were to take the log of these numbers here, and 
plot the same thing, we'd tend to get, so here, this scale down 
here is the log of this scale up here. It Stretches io. 


Q. I know that. Now I have a problem. That means 
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DR. MUSTARD: o, (Cort "dnb that the zero point 
One fibre per cc which is a mean, is not a geometric mean. 

AwuThats correct. 

9. That's an arithmetic mean. 

A. Yeah, and Ai 

9. O.K., now it would he awfully useful for me, if 
you could give me the geometric mean, and the confidence liniLes; 
as logs. Because vou know, now I have a nroblem of Situating, and 
in my field, I'm Craimed itt tr do have transformation of the data, 
I have to give the geometric Reem, anc My confidence limits or 
estimates, using the logarithms of the data as well. 

Now I'm very uncomfortable, because I have a 
pean [ can't relate wo your confidence limits easily, 

AiO .KLY well, we could get it by taking the logs, 
and then just takina the mia point, 'cos it Sits in the middle of 
the logs. And if you are already familiar with a 10g normal. then 
you've probably seen where we get, let me start off with 
Something that I'm measuring. Let's Sav that xX is my fibre per 
cc or ml, I'm jumping back and forth, that's my Measurement. And 
1£ I take the LOG: Of \Xie we're Saying that that has something like 
a log normal. 


20 


If the log of that has this mean of mu and Siama 
Squared that we referred to before, then X has the mean F to the 
mu plus one half Sigma souared, and the geometric mean is relating 
to mu, and the arithmatic mean is relatina to either the mu plus 
25; one half Sigma scuared. 

So if we were to take, when we construct the 
confidence interval, we're dealing with the Log) Of Xp south get 
the thing that you're referring to, we have to take the logs of 
the two end points, and then the geometric means 1S gonna sist in 


the middle of AA as. 
30 


QO. O.K., so that means that that zero point one 
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DR» MUSTARD: 9. (Cont'd.) fibre estimate, 
expressed as a log, calculated in the logarithm, and transformed 
back, would be higher than zero point one. It would be somewhere 
TPwouldjpresume;ecam,I right or wrong in that estimate? 

zA. No, the measurement of point one would sav 
that hee moenG.of that distribution. ... 

QO. Let me ask a simple question. 

ING (OCIS 

Q. Can vou tell me what the geometric mean, 
transformed: back.into regular units would be in that “calculation? 

Ae Yeah, vit .would be less than soint one. 

OO ke et naAnk. VO. 

AO inuetact, toat.s an algebraic, identity. wine 
geometric mean will always be less than or eauval to the 
arithmetic. 

O..SO that I would be fair to Say then “ineiooking 
ataithat,+ that.1’m really looking at, 1£ I’m going to be consrstent, 
eriiveast tion me, from my backcaround, that let us Say tnat tne 
geometric mean, transformed back into arithmetic units, would be 
zero point eight fibres. 

Do you follow me, on the top line? 

A, Yeah, 2t would be point Ov Veignt. 

O.4.POint Oveiaght, so if I’m really "tating asour 
the confidence for me, I'm talking about point O eicht with those 
confidence limits, rather than point one. 

IM ORI A NAS 

O UPOm Me. that Ss Gasier . 

Ae Yes, Exactiv. 

DR. MUSTARD: Sorrv, that's all. My confusion has 
been cleared. 

DR. CHASE: Is) it leqitimate to "suggest “abreak? 

MR. SAMPSON: Yeah, it's been suggested by me. 
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DR. DUPRE: 


minutes? 


THE INQUIRY RECESSED 


THE INQUIRY RESUMED 


DR. DUPRE: 
10 


DR. CHASE: 


abl aright, 
15 


achieve, 


20} that same day. 
value. 
estimating, 
knows, that we'! 
total picture, 
ay variation, 
be different, 


yesterday, and Monday , 


That from one day to the 


true average airborne concentration, 


30, Period. 


MR. SAMPSON: Dr, Chase, 


with your summary of your statement? 


Standing? Are you Picking it up O 
comfortable rather than sitting down here 
Also nine years in the classroon, 

We mentioned before, 


day, what we can interpret, 


that we as one individual. 


Well, for a given day 
That's the one we're trying for. That's 
and that's the thing that only 
re trying to estimate it. 
it's necessary 
and that is the fact that the 


next, 


=— 354 


Rhodes/Chase in-chief 


Shall we rise for about fifteen 


You mav proceed, counsel. 


do you want to continue 
ORO; Ps CATS ali ELGHt my talkina from 
-K.? I feel much more 

in the corner, if that's 
PE feGl Vkando foie 
the situation for a given 


how we, what kind of an interpretation, 


what sort of uncertainty we can attach to the measurement that we 


The fact that that doesn't 


tell. ws exactly what another individual Might have achieved on 


, there is if will, a true 
the thing we're 
the recording angel 
But in terms of the 

to bring in an additional 


true value today, will 


predictably different than the true value 
it will he different than it was today. 


the workplace will Varv- in its 


as we average over that 


Thisvis widely accepted by I would sav anvone 


who has worked in the area of looking at these numbers, 
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A (Cone asc i@istribution Aratirtene 
available evidence tends to suggest that as we plot one dav, 
and then the next day, and then the following day, and we get 
this spectrum of values for true values from day to dav. 

We'll get something that tends to he skewed, and 
very many authors have suggested that it looks very much like a 
log normal, and the log normal comes in because it's a convenient 
one to work with. It gets at this idea that things can't go | 
below zero. We know we don't have negative fibre concentrations, 
but we can get an occasional pi value for an average, so if we 
were to plot the true means, and of course again, these are the 
only things that the recording angel knows, we midght get something 
that (come sipup sandiathemitrdilVs.off ron ithe: high ‘side; which rsiethe 
classic: log mornaly plot. 

Soult “you will, a value is selected fcr, at thic 
point right herejefor Augustrl4th,.and then'!on “August 6th) a 
Value thappens "toxcome! un idown shexe;:rand scorrthe rl7tm, titeimiaht 
be out here, and as we go through the days and months, we're 
going to get a collection of values of those true values. 

Now of course, when we're on August 14th, once 
the recording angel has selected that one, for August 14th, then 
we come in andstry to measure it, we might get a value that's 
“below the one forjcAugustel 46h 2 orate swmichtroetone }thatis tabeve 
it. And the reason that. we,varv about that particular value for 
that day, is because of our measuring techniocue. 

That brings us into the tyne s of area we've 
been talking about in terms of the measurement for a single day. 

Now there are two things that one, two objectives 
in the measurement and the estimation of the worker exnosure. 


One of course, is one wants to he reasonably 


confident that yon’ re: notegoing to be ‘foundoutuiof tcommiiance, if 


someone were to come in and measure for compliance. 
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A. (Cont'd.) And secondly, and more imrortantly, 
you do not want the worker to he exposed ahove the permissihle 
exposure limit. 

So when we talk about the measurement, what we use 
the measurement for in a single day, we want to infer something 
in the total nicture of compliance, non compliance, and 
wrotection of the worker in terms of not only that. day, but the 
days you don't measure. 

If we measure, the day we happen to measure is 
a sample day from these values that come up, so we've aot 
uncertainty not only in the measurement we take on a given day, 
but we've got the uncertainty of - was that day a typical dav, or 
was that dav a non-tvpical day? And I've put tvpical in quotes, 
because what we've got is a snectrum of actual dav exposures for 
that worker. 

Now I mentioned that the idea of day to day 
variation is accented. There's general agreement on that, and 
furthermore, this idea of describing dav to dav variation, and 
saying it can be anproximated somewhat by a log normal 
distribution, is also, seems to be pretty ceneral aacreement, that 
ac least for illustrating things; 1t°s the distribution that: s 
quite appropriate. 

Now we've said that you can describe the spread 
of a distribution bv the coefficient of variation. You can also 
describe the spread of a distribution bv the geometric standard 
deviation, and where we were talking before about the log of X% 
having something that has a mean, and a variance, and standard 
deviation, that the geometric standard deviation is just siaqma 
raised to the E power; I mean E raised to the siaqma power, 
pardon me. 

So in other words, it's necessary to get into 


this discussion, to use the term both coefficient of variation to 


ie 
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A. (Cont'd.) describe the uncertainty in the 
measurement of the asbestos level on a given day, and the 
literature describes these dav to day variations, by referring to 
geometric standard deviations. 

tere 15a .one. to one relationship between a 
geometric standard deviation, and a coefficient of variation. It's 
just that in Order to relate to the literature, day to day 
variation is generally descrihed by saying, the geometric standard 
deviation is thus and so, and the uncertainty inherent in air 
contaminant measurements is generally Cescribeg by coefficients 
of variation, but we could draw un two columns, and Say, there's 
a one to one corresnondence, 

So, in order to combine those two things, it's 
necessary to take into account both the dav to day variation, and 
the inherent uncertainty on a given day. So we've got those two 
curves if vou will Superimnosed, because on a given, here is the 
here's this PUrve hat. I ve nse. to descrihe dav to dav variation 
Sia true values, and if On a given dav, that happens to he the 
value that we're at, then down here, we'll have a distribution 
Of values that we might get about that particular measurement 
on a given dav. 

SO up here, it's day to dav, and down here, it's 
on a given day. 

So the first source of error that we have is, 
how much uncertainty can we Say about what tte actual level was 
today, then having quantified that uncertainty, we want CO take 
into account this day to day variation to get at this concent of 
being reasonably sure that One iS not gOing to be found Out OF 
compliance, or being reasonably certain that that worker will 
not be exposed bevond the permissible exposure? Limit)” more than 
a small fraction of the days, 

This gets at the Same tyne of concept that Nios 
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- 58 - Rhodes/Chase in-chief 


A. (Cont'd.) got into when they were discussing 
action levels. The technical derivation, the actual things we're 
talking about here, are exactly that kind of thing. 

In other words, if going back to some of the 
examples we had before, when you take a measurement, when we sav 
that we'd like to come up with some range that we're reasonably 
confident that it falls within that range, well, once we get to 
this, the concent we're dealing with now, it brings un that 
problem of not two sided intervals, but one sided confidence 
ancervals, because if it's very very low, I'm not interested 
in distinguishing between the very very lows. What I'm trying to 
do is make sure that it's no higher than some value. 

So the thing I'm getting at now, is not using 
two sided confidence intervals, but one sided. 

DR. UFFEN: 0. Would you mind a small interruntion 
here? 

I follow this all right, and I see the 
Significance of it, but there's a little statement in vour 
Daper related to this which say that 

"The interday variability in actual concentrations 

cannot be controlled." 

Could you exnlain to me why it cannot he 
controlled? 

A. Well, that statement is made from the point of 
view that there are inherent things that Vary from day, to day, 
that simply that the random nature of dust clouds arising from 
activities, that will vary from day to day. 

Certainly there are certain, I guess what we're 
doing is, that it gets almost to that svstematic air versus the 
random air in those things that contribute to the dust cloud in 
the workplace, and we're talking about those things, that 


inherent variability in the dust cloud in the workplace that's 
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=o Rhodes/Chase in-chief 


A. (Cont'd.) going to be there regardless of 
what you do. 

DR. UFFEN: Q. The random part of it is what 
you're talking about. If there are any. systematics, that's 
excluded from this analysis, and they presumably might be 
controllable. 

A. Yes, one would hope that the systematic things 
that - a given operation with the similar, you know, the dust 
control equinment is operating, the work practices have not 
changed, the product reasonable consistant in terms of the raw 
materials going into it, but that combination of factors of how 
the ingredients vary, and the way things go from one dav to the 
next, yvou'll see a variation. 

Just like I guess, going to measurement of 
various things on our bodies, that from one GAY BUOLAE NG snewwt: = wit). 
Simply not be the same, even though it's the same body. 

So in order to, the hottom line that hanpens here 
then, is in order to be reasonably certain that you're not 
exceeding a noint, which would be the permissible exnosure limit, 
thecstandard,. it's necessary to reliably measure well below 5 i 
"cos of course, from the inherent uncertainty, if, the inermissible 
exposure ‘limit wasi.one half, and Af you measured one half, we 
know from the errors that are inherent, that that certainly 
gives uS no assurance that someone else couldn't come in and 
measure well above it, or that the actual measurement, the true 
value, wasn't something above it. It might have been below. it 
might have been above, it might have been mint jon. 

SO in order to. be, in order to reasonably assure 
oneself that you're not exceeding a given noint, it's necessary 
to measure well below it, and as I mentioned hefore,. this,is, .the 
concept is identical to that that was discussed by NIOSH in 


their discussion of action levels. 
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A. (Cont'd.) And when one does that, inorder 
to make the calculation, so first of adits Lt nave to, 1 thine. 1 
5; garbaged up another one. (REPORTER: Reference to chalker.) 

I have to reliably measure the low, the permissible exnosure 
limit, in order to give myself this assurance. 

Mya What” 1a Like, im che exammle, the calculation 
referred to in the submission, and the example, I'll show you, is 
based on at least a ninety-five percent confidence. So we get into 
ae that confidence interval concept, that no more than five percent 
of the true exposures would exceed the vermissible exnosure 
limit, and in order to discuss the thing we're talking about, 
it's necessary to bring in two rrobabilities. 

You need the confidence level, and the 
18 permissible, the percent exceeding the permissible exposure 
limit. And that five percent, and ninety-five percent again, have 
been taken from the NIOSH, for purposes of the illustration, 


Right....hnen.,~§Gnesouner assumption, or thing to 


work with here, and that is there's general agreement, it's 

pretty much a consensus that pelow a tenth of a fibre; you have 
20| difficulty in distinguishing between values. 

It's “ArfeFfireult to measure below’ a tentn. We Cannot, 


and that's reliably measure, or another wav of saying that is, 
a , a “ ce 


it’s just extremely difficult to distinquish hetween values that 
fall below a tenth of a*fibre per cc: 
Those are the two things that I then wse, "to 
“i arrive at what we would consider a lower bound, below which you 
couldn't even begin to do the kind of thing that we're talking 
about. 
So we'd like at least to have the apiTiey co pe 
ninety-five percent confident that no more than five percent of 
30; the values would exceed the permissible exposure limit. 


Taking then between dav variation, the uncertainty 
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- 61 - Rhodes/Chase in-chief 


A. (Cont'd.) in the measurement itself, and 
this assumption right here, that gives us lower bounds below 
which, we can't even do that, and now the column heading for the 
geometric standard deviation, 

DR. DUPRE: May I just ask what the source of 
this is? Are we going to label in other words, Mr. Samrson, are 
ve Going to” Label” this? 

MR. SAMPSON: I think we'd like to. We haven't 
Submitted this. This was as vou can see, just recently done. 

DR. CHASE: It should have been a table at the 
back of what we've <*o% 

MR. SAMPSON: Can we call it Tahle two, and we'll 
submit extra copies of it as soon as we can. 

So this would be tahle two to the written 


statement to the written statement that was submitted, 


BAHL Dia NOw, 39> (hour 2: The abovementioned 


document was submitted at this point. 


DR. CHASE: A. Across the top here, I'm taking 


the geometric standard deviation. Now that is a measure of this 


day to dav variation. As the geometric standard deviation increases 


that savs that there's more variation in the workplace. 

These particular values were selected to bracket 
the mid one point six range, which was stated DVONILOSHy Due 
pretty mucn described the middle ground of day to day worknlace 
variation. 

The row headings are the CV values, and they're 
the range, for example if you go to table one that we have, we 
find that the lowest value in there is somewhere's in the 


neighbourhood of noint four, and it could range on up. 


A It could range from roughly point four up to point 
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A. (Contd...) “seven: 

So we're trying to pick the GSDs from the NIOSH 
considerations, the coefficients of variation from the results 
of the study. 

Then, going through the calculations that I 
alluded to that would give vou this absolute lower bound, that 
would even begin to permit a calculation that would give you 
this assurance value. That woulda say that, for example, if vou 
had a GSD between day variation were described by geometric 
standard deviation of one point five, and you were measuring 
the combination of things that you measured on that dav was such 
that the coefficient of variation for the measurement that you 
had were point four, you could not even make the calculation, if 
the standard were point four nine. So it's roughly. point: five. 

And the reason for that is that in order to 
make a ninety-five percent calculation, a calculation which 
with ninety-five percent confidence, would say that no more than 
five percent of the values would be above point..four mine, it 
would require us to distinguish between values that fall in this 
less than a tenth of a fibre per cc range. 

SO aS we increase of course the uncertainty in 
the calculation we make, as we increase the inherent variation 
in the day to day, that pushes up, whether we go down or over, 
you see, there's an increase that pushes uv this lower bound 
for the permissible exnosure limit, and I would emnhasize lower 
bound, because this is just the point at which you can even 
begin to make the calculation. 

When one gets into this discussion, I think it's 
appropriate to bring in the perspective that if one has a 
standard that's set say at a value of one, in order to he in 
reasonable compliance with that, in order to assure oneself, 


there are practical limitations that force the measurement to be 
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A. (Cont'd.) taken. You have to measure well 
below it to give this assurance, so that the nature of that would 
force from the’ statistical considerations, force the measurements 
to be well below the standard, and the practical limitations are 
such that it's the same thing that happens. 

in. Other words; "on the oucside of a Lacrory, "tiere 
isn't a big dial that one can turn to two, or one or whatever. 
Within that factory, there's a spectrum of exposures, and what 
we're saying is that that snectrum of exnosures, in order to he 
in compliance, one has to have the worst, the highest levels in 
control, and in order to have the highest levels in Contror; 
those values have to over time, be well helow, the spectrum of 
those exposures have to be well below that standard value. 

DR. “MUSTARD: (.~Can*I°inteérrupt "you at this 
moment? 

DR CHASE: *Ay Sure. 

Q- The material in the body‘of that table, is a 
theoretical fibres ner cc estimation. Is that correct? 

Ay That" s*correct. 

vy, An all ’this*rs "theoretical fealTys Tes “the 
mathematical application of material that was in the previous 
information we were looking at. 

Areaneacw s *COrrect. 

Q. And this is the upper limit of the ninety-five 
percent confidence limits. Is that right, that thing shown on 
the table here? 

A. Well, yeah. 

Q. In other words, if I looked at this, and took 
your lower right hand figure, I could say that given the day to 
day variation shown on the top, and given the coefficient of 
variation with daily counts shown on the lower lene, and 1s. 1 


set a fibre limit of one fibre ver cc anpLroxima telly, fa be 
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DR. MUSTARD: Q. (Cont'd.) ninetv-five percent 
confident that that, as I set that as mv unver limit, that 
ninety-five percent of my results would actually he below that, 
for time immemorial. 

LS *Euauewniate lm Deingrtolds 

A. Yeah, I'll need to have one more. You're almost 
there. A measurement down in the range aiven these highest 
values that are on the table, a measurement down in the range of 
point one, would allow me to make the statement that I can he 
ninety-five percent confident that no more than five percent of 
the values will exceed one. 

Q. That's right. But we also have some problems 
in terms of the limit, the t@hnical limit of the estimate 
problem, when you get down to low fibres as well. 

A. Yeah, and that's where I'm getting the one 
value;, from the technical limit of the difficulty in measuring 
down here. 

What this table says basically is, I've taken a 
condition that would be given as ability to reasonahly assure 
oneself that no more than a certain percentage of days exceed 
a given value. As a necessary condition for setting a standard, 
not a sufficient condition, but a necessary one, and that’s why I 
emohasize the lower hound. 

But ves, tes a stheoretical scalculat1onwusingd 
the values from the NIOSH publication, from our study here, and 
taking the log normals as the distribution to illustrate what 
happens with that lower bound. 

O. Right now, let me comment on one other 
interpretation from that data, which would help me in terms of my 
Ownaclarification.. If 1 now go up to the upper lett hand) part of 
the main body of the table, where you have the ficure point four 


nine, if I selected then a fibre controlled level of the upper 
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DR. MUSTARD: OQ. (Cont'’d.) limit of point five, 
it would mean that when I had GSDs of one point eight, and CVs 
5| Of zero noint seven, even though I had an estimate that controlled 
them but at point five, that when I was measuring a level of noint 
one, and had those variances really showing un, that I really 
couldn't be a hundred vercent confident as at point aig = Cine 
could really be up as high as one point O nine. 
A. Yeah. 
10 Q. However, the real difference would be in 
Putting all that vou said together, is that if I dia adopt the 
level of point five versus one one, I in effect would be driving 
the day to day fibre levels much lower with the point five, 
because of the, in other words, I would he in effect I'm somewhere 
down around point two or PGint one. 
A’. Yeah, the one thing that we Say, we're doing 
that. It's just that we wouldn't have the ability to reliably 
assure ourselves that that was happening. 
Q. Yes, but if I could measure the poink, five, 
the probability would be that I'd he likely to be down there 
20| rather than above point five. 
A. Yeah, that gets into a qualitative rather 


than a quantitative: 


Q. That's right, but the Drohability would he in 
effect, that would be controlled. Thank vou. 


A. Yeah, well, the point one that is selected 


25) here was chosen because I think there's a consensus of the noint 
one. 
In some situations, that might be low, and in 
other situations, it micht be a little high, but it's simply a 
consensus value that was selected in order CODING rare 
a0 So, you know, the hottom line here is then that 


what this implies is that you have to get un into that, the 


7 (6/76) 7540-1171 


$ 4 nit ¢€.5°9A69) of 
2Y9 Son Mats griogd @f0 Io ais bed ae ‘Rede “send 


i? ry . ~¥ + - uJ 
; “<> 


be i 4: « sees ‘S¥eriaes op DAN I Atwood? ners neve! ee 


i b * ’ 4 : 
+ ¥ 28 on oe one vilse, pots trav "seoad B 
; tnabitnos tnepyes Berh baid a ed 4% 
' . . 4 
he cox ig & Foi Z& a acl uttss 


at+ nk .toefvevo? Bist voy anne if 


+ . a 
sho ano auazov avi2 yeas 
in my 


© intog to ows Snlod Bructs mo 

. J . - 7 ; zr 

Se eel ats eved ¢'nbiuow sw Jets “Seve ee are 
. cin <4 epw gad? teti2 soviozr=u0 Ss Ue 
Suseon Bin sy .D see 
54 vietlit : YT Jstt ed Silvo ¥ (3 t tiated ait 


.svii gniag. eves ns 


. 
“ - 
* ae} é + me -i + a ff ’ afk 
=) = 
age 7 4a 
. ¥ éuv & 


; . 
’ x 
7 ~ = | ’ 4 \ , ' é& as% 
‘ 
- fr 
‘eyors : Pi eau eosd i 
3 ~- - = - ‘ 4 


0 im wot ef deois del’, ene euets See at ons 
» Gtreta atti Sk pit afazvil 4 Sa veo ST snaror ere: 
Bist ‘'? of tehdo am Dedosige + ow snitd “Sits iv 


’ . ? ' ee ee ae ach i «! pov j 
: be, oot pe all mec 4 7 <= Ta. ry I i ‘Jiree nel e* ty i 
a ae Bie STS | al € “ps : ‘ i 


en . ei% ,gadts obi Fe Joep oF avet Hoy Janes 


‘ 
: i, 
7 - : ¢ 
i ed ow ‘ua 
: a. | ' Pict 


- 66 — Rhodes/Chase in-chief 


A. (Cont'd. ranges above these values, if these 
are the actual situations, that would give the emplovers an 
5; adequate range for monitoring, and then another corollary to 
that then, is that that provides the adequate highly protective 
thing in terms of nushing the values well below that in terms Of 
most exposures, and the worst case exnosures. 

MR. SAMPSON: Dr. Chase, being a hardy soul, I'm 
going to try and ask a question, and see if I can summarize 
agra this. 

Just taking the two highest values for the GSD 
and the CV on that table there, would I he correct in Saving that 
if the inner day variability were accuratelv described by GSD of 
one point eight, and the measurement Variability’ on* that day was 


accurately quantified as noint seven, that in order to be 
15 


ninety-five percent confident that the worker I'm sampling 
isn't exposed more than five percent of the time at the level of 
one point O nine, I have to measure that worker at point one. 

DR. CHASE: A. That's correct. 

QO. And a similar conclusion would be true for 
20} each one of the values in the body of that table, i.e., that in 
order to get the requisite degree of confidence that the levels 
in the body of that table are being achieved, you have to he 
measuring the worker at a level of point one, and if you measured 
that worker at a level higher than noint one, you don't have 


ninety-five nercent confidence that he is not Over-exposed more 
25 


than five percent of the time. 

A. That's right. The corollary to that, just to 
extend it a little further, then in your first thing, when vou 
took the one point eight, and the point seven, that would, the 
corollary to this number would say that this would imply that 
this and this were the real life situations in most situations. 


30 
Then the standard should really be set well above this to give 
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A. (Cont'd.) you a range in which to be able to 
reliably assure oneself of the thing that we're talking about. 
5 So in each case, this number savs that the standard 
should be well above that, because that then gives you a range in 
which to measure to get that assurance. 

DR. MUSTARD: But there's the onpnosite was to 
express your statement I believe. 

MR. Jo eons | Yes. 
10 DR. MUSTARD: That is to establish that the unver 
| limit shall never exceed one, which means vou have a ninetv-five 


percent probability of everything heing below that. 


Do you follow what I'm saying? In other words, if 
you said, the upper limit, not what the average should he, hut the 
upper limit to what the exposure shall he, shall he one, then in 
2 effect, you'd be controlling at point one, but that's just the 
reverse to what you're saying. 

I expressed it the other way around. 

MR. SAMPSON: I think I'll defer to the witness on 
Euat. Lm noc sure. 

20 DR. CHASE: No, that is a way of expressing it. 

Do UUEFEEN: QO. Are you. going. to proceed to talk 
about the problem of the svstematic errors, or am I getting 
ahead of vou? 

A. No, this, reallv, what we've done here, is by 
talking the CVs that were derived from the bottom line, the 
ae between-filter, between-laboratorv, all the errors that we're 
able to measure are inherent in this, so this is the pe. Cy 
curves that we've used to go through these calculations, are 
implicit in all of these calculations, so all the inherent errors 


that were there, have been.. 


30 Q. I maybe am not making mvself clear on it. In 


your Measurement of Asbestos Level paver, on page 22, after vou've 


—— 
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OR. GEELNs O's (Contrd.) dealt with this situation, 
you then procced to talk about the implication to standard’ setting, 
and ithe difficulty of incorporating systematic or persistent 
errors. 

MR SAIPSON: (I think that”™s In sample collection, 
SCOrrece? 

DR CHASE et Ol OK. 

DR. UPFEN: QO. Are you going to, mMavoe= 1 goeL 
ahead» of vou. 

Dine Chyons) Os Well no, I guess that hae to une wert 
just as a footnote in a sense, hecause it's an error that we were 
not able to measure using this. Therefore that would have the 
effect, if we, had we been able to quantify it, which we weren't 
it would have the effect of driving up those numbers, hecause 
it's contributing more to the variation. But we simnlv do not have 
a handle on what the magnitute of that variation is, other than a 
conjecture that that would, we would not exnect it to dramatically 
Encrease them, but it would predictahly have an it. 

QO. Am I right that anvone who is concerned with 
Standara setting, would have to include this. or rt would be 
leaving out an important asnect, which reauires the measurements 
to be much lower than the standard vou are trying to achieve, an 
additional one. 

A. Yeah. 

QO. And I gather that it's, as far as vou're able 
to determine, it's not known, the Round Robin study doesn't give 
you the information necessary. 

A. Yeah, it would just be ‘another thing that would 
emphasize the lower bound, the nature of the numbers here. 

O. In a lot (of this type of work, where we don't 
have much choice, people will say, Well, we'll divide hy two, or 


we'll multiply by two, or something like this, you know. You'd make 
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DR, UFFEN: Q. (Cont'd.) guesses. Would you be in 
any POSition, able to Say to us, if you were trving to achieve a 
5} regulated level Of one fibre per cc, what allowance woulda have to 
be included for Systematic or nersistent errors? 

A. I think I would - would vou mind saving that 
one more time? 

Q. Having achieved an analysis that allows you to 
take into account the random errors, you have a statement on 
oe page 22, 

“Using ethic method, the lowest asbestos standard 

which vermits the possibility of achieving a 

desired degree of confidence, without requiring 

measurements below zero DOint one fihres per ica; 
15 falls in the range of zero point five, to one 


fibres per cc." Then it goes on in the next 


Paragranh, 
“The estimated ranges standards is intended 
merely to illustrate the difficulties. our 
estimates do not consider the additional 
20 variability which might be present due to 
Systematic or nersistent error in samvle 
collection, which we could not measure in the 


Round Robin study." Now from the point of view of 


a person who might be reauired with establishing a sensible 


a regulation, what do we ado? 


A. O.K., I guess there's two parts to my answer, 


tne;first one being how to treat the unknown, the thing we weren't 
able to quantifv. I would not reqard that as a major nrohlem, but 
certainly something that would he need to he aware of, 

The second thing is that one woulda have to go 
30; through a series of calculations that haven't done considering 


workplace environments that would give a spectrum of numbers that 
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- 70 - Rhodes/Chase in-chief 


A. (Cont'd.) would give people a reasonable 
chance then, of achieving the kind of thing that we're talking 
about. So that would like I said, vou Say a factor of two for 
example. That might be quite a reasonable number to a0, Owe. 
would, the nature of my beast is such that I would CYY tO Guancisy 
it, by saying well, this would vou know, that would allow neonle 
with most of the time with this type of a hypothetical workplace 
Gay to day variation sort of thing, to achieve this assurance 
that we're talking ahout. 

So I have to add another probabilitv, or another 
proportion, to say that in, you know, most of the time now, one 
would be able to achieve this by maintaining levels in this 
range in which we can measure, bringing into this factor here. 

Znd perhaps a factor of two would be the one that 
one would arrive at. At least we could heagin to, in the same wav 
that we arrive at these numbers, by taking examples and 
distributions, one can take some additional, add one more level 
of calculation in here, and arrive at a further characterization 
of various standards, according to various criteria, and then 
tate woulda do 2t. 

I'm being very general in saving this. 

QO. Has anyone attempted to do that to vour 
knowledce? 

A. No, not precisely as you've asked it. It would 
be a spinoff of the NIOSH action level tyne of THING oUt ts 
adding additional considerations to it. 

Within constraints, I could do, I'm saving what. I 
would do, so I guess I could do it, and I can offer torco that. 

QO. Not on the board right now. 

A. No, my calculator batterv would run down. 

MR. SAMPSON: Q. I was just going to, in an effort 
to try to put some quantitative handle on that, what if the CVs 
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a EL oe Phodes/Chase in-chief 


Q. (Cont'd.) on the left hand column there, 
each went up by an increment of point one? If you were iO aete we 
knew what the persistent and Systematic error in the samnle 
collection step was, and the result was that those CVs each went 
up by point one, do you have anv idea how the numbers in the hodv 
of that table would change, or whether or not they would change 
Substantially? 

A. Well, I mean, vou can just drov down a notch, 
and we'd have to add another row. 

O. Well, what would the bottom row look Dales? or 
WOuld 2. béeva. . Me? 

A. As you look at it here, and this will give you 
a ballpark figure for it. As you go from, here you jum> un point 
O five here, voint 0 six here Pipoeisihy0 isever <a ballnark figure 
would be point O eight. 

Likewise, here, seven, eight, ten, 0.K., ten or 
eleven, point one , point one to one (Ph) would give you the 
ballpark answer to what you're saving. 

Q. So the range of figure, the range of lower 
bounds that that table now represents, which runs from about 
point five to one point Oo, might shift un Slightly, if under the 
hypothesis that I suggested, which was that dialling in the imnact 
of the persistent and systematic error in the sample collection 
step, resulted in a point one increase in the coefficients of 
variation. 

A Rights" think litte probably anpronriate to 
mention that I referred to the NIOSH calculation of the action 
level quite a number of times. 

The characterization of that that I've used here, 
is slightly different than their's. If I had used their formula, 
those lower bounds would be somewhat higher, and it's sort of a 


technical reason, and I don't think, there's no reason: to get into. 
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A. (Cont'd.) It's just that the point four nine 
would be in the point five range. These values here, slip over 
5| One. This one gets a little higher. So I've taken the 
Characterization that I've, with the calculations that I've done, 
are a little bit less than I would have achieved, had I used 
the NIOSH formula. 
©. Do you have any empirical data that vou'd like 
Co taik about that might illustrate the principals that are on 
10/ this table, or that you've discussed in terms of the need to 
measure far below a standard in order to ascertain comnliance? 
A. Well, I'd sav that that issue of the levels, 
the actual workplace levels in order to be in commliance, result 
in typical or average values falling well below it, which those 


data from the Simpson report, probably. “illustrate ... 
15 


Q. That was the data that pr. Crum) vresented 
yesterday : 

A. That's correct. I believe that's GOFPrect, 
Since I wasn't here, 

DR. DUPRE: Is this the data that is on nage 
20; Seventeen, figure one of the Simpson report, is it, volume one 
of the Simpson report? 

I believe that the figures here are the same as 
we got from Dr. Crump yesterday. 

DR. CHASE: Yes, the one that's in the OUniet ive: 
yes. 
a Io think it's an illustration of the practical 


implications of what we were Saving from a theoretical Point of 


view before, and that is that in order to achieve compliance with 
a given standard, one has to, the typical value is going to be 
well below that, that standard. 
30 DR. DUPRE: Q. Can I just asi you a counle of 
questions about this table as an illustration of an emnirical 
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DR. DUPRE: 9. (Cont'd.) example, the way you 
understand it. 

So I look at the industry, which in this instance 
for the sake of the argument is the asbestos cement industry, and 
I see that basically, they had the results of eight hundred and 
forty-five different dust exposure level samnles. Is that what the 
eight forty-five means? 

DR. CHASE: A. I'm pretty sure. I'd have to go 
back and look in the discussion of the Simmson report to be 
absolutely certain. 

Oo ine thing that i'm also wondering about, is 
are we looking at a number of results for a single plant in the 
asbestos cement industry, or are there a number of different 
plants in there that have been sampled? 

A. Again, I would have to go to, I Wwas*®in terms 
of using it as an example, is just to illustrate that in fact 
it happened, but I'd have to go back into the Simpson report to 
See whether that - I'm just pure recalling it trom thac- 

IR. SAMPSON: That pretty much completes my 
questions. 

DR. DUPRE: If that is the case, I'm in vour 
hands. Do you counsel, and the parties wish to proceed 
immediately, and then adjourn at one, or would it he preferahle 
to you to rise now, and reconvene half an hour earlier than we 
will reconvene if we rise at one? 

MR. LASKIN: Could I just confer with my 
colleagues, Mr. Chairman? 

I don't think we have an avful lot of auestions 
amongst us. Well, let's put it this wav. 

If the Commissioners are thinking of sitting past 
one to finish, I say one ERiyty OF So, 1. 'd say we CarcvlOn. 1 


we're going to stop for lunch in any event, mv preference would 
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TAT RPhodes/Chase in-chief 
Cr-ex 
MR. LASKIN: (Cont'd.) he to stop now, and come 
back. 
DR. DUPRE: Well, why don't we rise now, and return 
at a quarter to two, one forty-five? 


Thank you, gentlemen. 


ho enNOULRY RECESSED 


THE “INQUIRY “RESUMED 


DR. DUPRE: Counsel, are you ready? 

HR. LASKIN: Yes, Mr. Chairman. 

We've ceferred to MN. Casgrain, to allow him to 
make some travel commitments. 

DR. DUPRE: M. Casgrain, if you would nlease 
proceed. 

M. CASGRAIN: I have onlv two ouestions. I wonder 


whether, I think I should ask this one of nerhavs) Dr. Chase. 


CROSS-EXAMINATION BY M. CASGRAIN 


Q. You mentioned in the course of your 
examination, that in the counting there were several allowances 
had to be made, or certain allowances to he made. 

If you're counting in a lab, which hanvens to he 
within the confines of a factory or mill, do vou recommend that 
allowances should be made for the backoround noise of ashestos 
fibres? 

DR. CHASE: A. No, and the first, I'll answer it 
fea Couple Of parts. Hiret of alt sone, would expect that 
laboratory conditions would be such that whatever exvosures 


might be in the plant, would be much lower in the laboratory, 
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A. (Cont'd.) but if it were located there, 
certainly the possibility of some pugative (sic) fibres being in 
the air, would be a realistic thing to happen, but to make that, 
that really gets into the whole issue of adjusting for blank 
counts, and how one handles that, and from a pure statistical 
point of view, as well as froma pragmatic noint of view, mv 
opinion is, to not make that adjustment. 

Because, if for example you have some pugative 
fibres that might be in the laboratory, all that that would 
result in would be perhaps a slight increase in the count you 
might get, and therefore you're not in any way under-estimatina 
anything. It would have only the effect of slightly increasing 
the count, and as such I wouldn't - and there are also some 
statistical reasons why the adjusting for hlanks using a one or 
two counts. to adjust for many filters, is not a good thing: todo. 

Q. Another question, vou testified to the 
effect that there had been some improvements over the.last few 
years over the pump for instance, the mechanism being better 
equipped to have a continuous flow of air, and I assume as well, 
that you will agree that microscopes have also improved over the 
last few years, microscopes used to read the fibres. 

Ii don't know whether I'm asking the right nrerson 
the right questions. 

A. I think probably Dr. Phodes can answer it 
from a personal point of view. I can answer it from what our 
industrial hygienists have told me. 

I've looked through them, but I'm not a 
microscopist, but they've told me that, Wes,-:in «act «that bas 
been the case. 

QO. And if that is the case, the two fibres that 
one was to read sav fifteen years ago, and that we're still 


reading according to regulations as they still exist, are we 
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G. (Cont'd. reading the same thing, or are 
we improved, our reading, or are we if you compare the reading 
5; today, of those two fibres with Present technology, with readings 
say fifteen years ago, how would vou relate that? 

A. The changes are such that, the best wav I 
like to put that is, that if you were to have gone bach: in time, 
using today's technology to measure that same dust cloud, today's 
hygienist would have ended up with a higher number than the 
se hygienist back then. 

Q. And if I continue then if he comes un with 
two fibres, he is in effect, counting at a lower level than before. 

A. There has been a de facto tightening of the 
regulation if you will, because of the improved ecuinment. 

15 That would be a result of that. 

Q. And am I carrving this too far if I said that 
you could end uv with a situation where you would have imnroved 
the reading technology, if I may use the word, to an extent 
which would not have been followed by the technology in trving 


to eliminate the dust. You could come to a sort of absurd 
20 


Situation, could you not? 

A. I guess depending on which one was advancina 
faster)» thatewoulde beat .«6 

Q. And I suppose the obvious question now is, 
that I suppose that one has to consider technology not onlv in 
respect of what one can read, but also in resvect of how one can 


eliminate the dust. Is that not correct? 


25 


A. I'm not quite sure ... 

O% ALlitightenis Iisaid to you, you know, you have 
stated that one could read with electron microscorv, and it has 
some shortcomings, but if one were to recommend reading say two 

30} fibres with electron microscopy, have you ascertained that one 


could have the necessary technology in its plant, in its mill, in 
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Os. (Gonttd-)) ats factory, ato be able in effect 
to eliminate the excess dust, and be able to achieve the 
standard that this would call for? 

A. One would have to sav it would depend on 
what your counting rules were. 

Q. Would you elaborate on that? I'm afraid that 
my question sort of threw me out there. 

A. If you were to say with electron microscopy, 
let's take the extreme case, the transmission electron microscopy, 
where one could get the most refinement. If your counting rule 
were to say, Count everything vou see with that, that's 
different than at the present time, when we have a three to one 
aspect ratio, and at least five microns. 

Those are the rules under the present thing. If 
you were to change the , however you answer what the count might 
be, would have to he predicated on what the assumotions were 
in terms of the rules that you were following to count. 

Q. Given the perimeters of counting, it might 
not change. Is that what you're saving? 

A. Well,.it's predictable that if you used the 
same criteria, that three. to, one, longer than, five, then it 
certainly would be that you would get higher counts. You would 
count more, because the phase contrast is an index. 

M. CASGRAIN: I have no further cauestions. 

DR DUPRE Next iro Lasiin> 


MR. LASKIN: I'll do my hest to ask a few cuestions 
CROSS-EMAMINATION BY MR. LASKIN 
Q. Could I just come back to your Round Robin 


study for a moment, and just make sure I understand what was done? 


Tt. take it. that all of the analysis was of 
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O. (Cont'd...) chrysotile asbestos. 

DR. RHODES: A. Do vou want me to answer that? 

The emphasis was on chrysotile asbestos in the 
range of zero to two fibres per cc. 

However, we did not restrict it to that, because 
we wanted to get the other interfering materials, other asbestos 
if it were present, in as part of the variability that you 
would encounter in the field. But by and large, the samples were 
chrysotile. 

Wow that 1s indicated in the data listing. Every 
one of those samles tells what the material was, and whether 
other material was available, or was likelv to be present. 

O. i want co turn to thet in a minute; but can, vou 
tell us where these samples came from? 

A. I can give you a hvnothesis. I reneat, we 
don't know who those companies were. 

We the committee, the co-ordinator knew who they 
were, and it probably has been destroved at this noint. 

7. L See. 

DR. CHASE: The data, not the co-ordinators. 

DR. RHODES: A. The source of the data. 

What we did, was get a very detailed information 
sheet, about three pages, which is also in the rerort, on each of 
those laboratories; their experience, their counter training, 
amount of material they, samples they'd counted, and that sort of 
thing, and with that, we really didn't have to know who they 
were. 

Now each sample has some detailed information 
on the type of situation that was sampled, so that you can 
reconstruct it, but Hasically, it was industry labs, I know from 
people who have told me that they were in it, there were some 


consulting labs in it. There were several State Government 
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WN, (Contwds \oidaboratories in it. Beyond thac, = 
eye Ferm et ewes o 

Q. And they in turn would have got these samples 
from various asbestos workplaces, I take it. 

reerey Me vey one sear eg ei bt 

You should understand that all of the laboratories 
Gidenoc collect. 

Q. I understand. Some of them were just receiving 
for the purpose of comparison. 

A. Right. A number of them were not in a nosition 
to do the extra collecting burden. 

9. How did you know that you only had chrysotile, 
for example? 

A. Firstsof all, we cidn't reduire! that it only 
be chrysotile. Second of all, they were basically U.S. companies, 
and there's only a limited number of places that do not use 
chrysotile, that use anything but chrysotile, nut it that way. 

And each of the samples has an indication in the 
data sheet, of which type of asbestos they were sampling. 

Q. Was there any analysis of the samples beyond 
using an optical microscope? I mean was there any electron 
microscopy that would have enabled you to differentiate the 
samples by fibre type for examnle? 

A. No. Why would you feel that this was necessarv? 

Q. I'm not suggesting it was. I'm just trying 
to ascertain the origin of these samples really. 

A. The origin of the samples - Oh, I'm sorrv. 

DR. DUPRE: Q. Just following up on the line of 
questioning here, do I gather then that it would or would not be 
possible for example, for you to construct a table like the one 
on page seventeen in the Simnson report, which would simply show 


the kinds of companies by aspect of the asbestos industry from 
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DR. DUPRE?) (Cont 'd:)' “witch You sefect -the 
samples? In other words, how manv from asbestos and that, how many 

5| from millboard paper, how many from friction materials, how manv 
from textiles, how manv from insulation? 

DR. CHASE: A. It would be possible to 
characterize the samples according to the categories, and here 
I'd have to go to the legend for the data collection information. 

DR. RHODES: A. One thing that you would have to 
C be very careful of, is that these samrnles are not, and were not 
intended to he representative of conditions in the industry. 


They were selected among the various work locations 


ct 


Oo give us results that were anticinated, in the zero to two 
i} 


rh 


bre per cc range. 
a That was the area that we were trving to 
emohasize, but we wanted some in other areas, so that the counter 
didn't know that everything was going to be zero to two fibres. 
We Were nov aiming at Crocidolite Or anvvor tne 
other types of asbestos. 
DR. CHASEYT A.” AS “to the tyne of operation that 
20; we had, I think it was nine, I have to go to the second half of 
tne legend for the collection information, where ite *saye, 
Operations “Co OPR' CDE" (Ph) and that refers “then! to the operation 
descrintions, and then if you qo ‘tothe col lecttontdatalshaat, 
that the collecting laboratories ‘turned 247 there™is im there ea 
section for those, for the type of operation, and I'm fordetting 


25 ; : : ; é : 
offhand now, what type of fibre introduction Bt tinie, crinding 


was another one, and there were some other types. 


That type of a categorization would be possible, 


but with the, so in that sense, the table like the Simpson revort, 
would be constructahble, but the difference would he that that was 
39| all samples that had been taken by the factory insnectorate. 

At least I°interred*that.*f¥read that description 
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A. whi Conteld a euand, aT get from that, that it was all 
Of ‘the factony insnectorate at those operations, whereas the 
ones that we would have here, could not he interyreted as being 
typical of those onerations. It was just that those were the ones 
that they collected in response to the Round Robin collection 
framework. 

DR. RHODES: A. In the same connection, let me 
call your attention to figure A6 in the appendix to the report, 

a sammle collection worksheet. Tile Ane tas back, towards the 
back, in the apvendix section. 

QO. dy Masorave tir, Rhodes, could I have the Pee 

A. Yeah, you*re there. 

QO. Oh, headed at the top, Illustrative Sample, 
Sample Collecting Work Sheet. 

A. Mes. 

Get down there towards three cuarters of the wav 
down, or towards the bottom, under Remarks, vou have, Description 
of Operation, and there are Sigqnt pis another, which , each 
which was filled in for each sanmnle. 

It gives a fairlv detailed description. It also 
SayS up above that, Type of Asbestos Present - Chrysotile, ‘other, 
Possible Interfering Particulate, have I lost vou. 

Q. I'm with vou. I don't know whether they are. 

A. Let me run through it again, now that evervhbody 
eS ed. te 

About half way down the Pegegritesays, 

Q. Can we identify what this is first? Is this: 
there would he one of these sheets would go with every sample 
that you had. 

A. Every pair of samples, ves, that's right: 

Q. O.K., and would he prepared by the laboratorv, 
On by the factory,vor ete manufacturing officer? 
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A. This is prepared by the industrial hygienist 
or whoever collected the paired samples. 
5 ay BOLE. Ke 

A. And all of that data, the results of Coie, 1s 
all summarized in the collection print-out at the end of the 
report. But the point that I want to emnhasize, is that these are 
not representative samples of any particular industry > ina the 
sense that they were selected to meet certain criteria as to 
10) aust cloud type of asbestos. 

They were not restricted to that, but they were 
Selected for purposes of studying the analytical method in 
certain areas. 


QO. What instructions went out to the laboratories 


as to what samples you wanted? 
A. They were told that the study was intended to 
look at the arPlication of the membrane filter method, for 


15 


chrysotile asbestos, concentrations in the zero to two fibre per 


cc range. 


They were welcome to send in sammles of other 
20] material and other ranges, but by and large, to try and get 
samples in the range that we had svecified. 

The reason for this was we wanted to, we didn't 
want to specify it so tightly, that the counters knew for sure 
what was in those samples, and as you can - there's some of the 
data, I could pull some data, most of the results were in the 

a8 zero to one range. And again, most of them were chrysotile, but 
there were some at around eight or ten fibres per cc. There was 
other material in there. 

We achieved what we wanted. We had a Sprinikling 
of other things to keep them honest, but most of the concentrations 
were the material, and in the range ‘that we wanted. 


30 
Does that answer your question? 
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QO. Does that then account for what avpears to 
be an odd number of actual filters that you had. I think I noted 
the figure one seven seven four. I mean, whv one thousand, seven 
hundred and seventy-four? 

A. Well, each laboratory had the option of 
determining how many filters they used to cover the full shift. 

some of the laboratories would use six or eight, 
and some would use one. They were asked to collect sammnles at 
twelve sets, I think was the collection number. 


“4 


there’ Ss nO way to tell what the numser's going to 
be. It's a matter of how - Oh, go ahead Gerrv. 

DR. CHASE: A. Just take an examnle. The collecting 
laboratory, they would have twelve sets. The first one would be 
a worker selected, in the grinding operation, sorry. That one 
might have been where they judged it that in order to cover the 
eignt hour period, they took four two-hour sanmnles, so there would 
nave been elght filters altogether. So that that set number one, 
Guring the first’ two Hours, there was a Fert and a riche, and then 
a left and a rignt, and*a left and a ©lg0c, ang a sert ana. a rio. 

So that one set could have contributed eight 
Prercers, Or LOUL Watre. 

So the next one they selected might have been in 
another operation, where they judged thev could take one eight-hour 
sammole, so Chat they would get Just a [eft and a rignt from there. 
So that’s why, aS you run across all the collecting laboratories, 
and all the ways we did it, you end up with a number that 
perhaps wasn't totally predictable as a nice multiple. 

DR. RHODES: A. They weren't instructed to take 
four samples to cover eight hours at all times. 

DR. CHASES Aj Tits Get ante the collecting 
industrialist's judgement of the situation as to what was an 
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DR. RHODES: A. You see, there's no criteria in 
the , no requirement in the NIOSH criteria as to how Many samples 
5) you take to cover an eight hour time period, heyond there were 
certain fibre densities on the filter that you're suvposed to 
try and achieve. 

Now we counted whether we got that density or 
not. 

Q. So I take it then that what you got from a 
10; collecting laboratory, were a number of filters, and a varticular 
count that went along with each filter. Then you tried to 
assess what variation there might be in that count if vou sent 
the same filter to another laboratory, or to somebodv else who 
was counting it within the same laboratorv. 

DR. CHASE: A. Right, but let me, it's imnortant 
" to note that when they took these sets, let's take this one in 
particular, both filters went into the co-ordinator, and one of 
them, a randomly selected one, was sent back with a blind coding 
on it, to the laboratorv that collected it. 

Now they couldn't be sure that they collected it, 


20; because along with the one they collected, there was another 


laboratory over here that collected some, and they also 
received some filters from other collecting laboratories. 

DR. RHODES: A. We were trving to achieve double 
blind. I don't think we comletely succeeded, hut we at least made 
made an, .effiont, out,of, itz. 


25 They didn't know that they were, thev weren't 


Sure that they were counting their own samples even when thev got 
their own samples back. 

Q. But given what you just said, Dr. Chase, and 
with that caveat, is the answer to my question, Correct? 

DR. CHASE: A. What you said was basicallv, Yes. 


Q. O.K., and I take it from what you said earlier 
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QO. (Cont'd.). this morning, that the lahoratories 
that were chosen, or that agreed to participate in this study, 

5| there was no prior selection of those laboratories on any 
cualityv grounds, other than the two criteria that Mr. Rhodes 
suggested. 

Do we know anvthing for example about the qualitv 
of the people who were counting the filters.? Do we know how well 
trained they were? 

10 DR. CHASE: A. We have characterized on there; how 
many years they have been counting, and what their source of 
training was. Whether or not they had been trained by an 
outside agency, such as a NIOSH training course, or whether they 
were in-house trained, ‘cos quite often, vou'll get the elder 
statesman of the laboratory was the one who was trained by say a 
NIOSH training course, and subsequent to that, when new 
industrial hygienists are added, they are trained by the one 
wno was trained. 

So we tried to characterize not only the length 
of time that they had heen counting filters, that experience 
20| factor, but also we have recorded the information, collected it, 


as to what the source of training was. 


DR. RHODES: A. Now the data were analvsed in 
terms of least experienced, and most exnerienced counter, and 
Since there were really no inexnerienced counters in any of the 
laboratories that were involved, we found no great difference, 
- nosignificant difference, regardless of which counter you selected 
to represent the laboratory. 

O: Is there inefact man, analysis. of the data, I 
mean in a collective form, in the same way that vou were 
presenting some of your theoretical data this morning? 

DR. RHODES: A. Yeah, there are extensive tables 


30 
in the report. 
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Q. And can you, because perhans it's me that 
I haven't - I know there tse all the col lection data, but 16 i¢ 
5; all put together in some analysis, where vou can look at it. — 
coefficients of variation, you can LOOK ar ninety-five nercent 
confidence intervals, and so on? 
DRS CHASE. Ae Well, there are two, a couvle of 
BnSvens. First offalmeifuers are some ¢granhical representations 
in chanter seven, in the presentation of results, where the 
10/ figures give one collecting laboratory's determination on one 
axis, the paired laboratory's determination on the other axis. 
There are several, and let's be more specific 
asoute (ity going to those tables and figures at the end of 
Chapter seven ... 
MR. SAMPSON: That's figure seven four, to figure 


15 
peven Six. Is that rEarer 


DR. CHASE: Yeah, in Figure seven four, through 
seven nine really, are different gravhical renresentations of 
the TWAs. 


DR. RHODES: "A.* The CVs’ are all listed nrrior to 


20" that. 

DR. CHASE: A. And the figures seven voint one 
through seven point three, and we were lool:ing in detail at 
seven point three this morning, the analysis of the data resulted 
in those data points that are presented on those figures, in those 


figures. 
25 


The, if you will, fF think you use the word 
theoretical, 'cos I was using it, those calculations were then 
using these results to carry further the discussion along the 
lines that we were going this morning. 

Q. Well, just let me make Sure I understand that. 
The tables that you PUC* U5) Cis morning, and the figures that 


30 
you put up this morning, 'cos I may have misunderstood the 
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Q. (Cont'd.) evidence, were they then based 
upon the actual results of your study? 

DR.a CHASE*®c Aa Yes. 

0 .20O2Kad iimrnotosuresie understood» that: 

DR. MUSTARD on Well: with) thats application, L asked 
if those were theoretical numbers in those tables. 

Actually, they were theoretical calculations. 

DR. CHASE: The two axes, the ones that led to 
the things, the one axis from the CV for the CV of the thing, 
would have come from the calculations here. 

The other axis of the geometric standard 
deviation, came from the NIOSH data, hut then, you're correct. 
The numbers that were in the table itself, were then a result of 
a theoretical calculation. 

DR. MUSTARD: I'm referring narticularly to table 
one in the material, tab eleven is it? 

MR. LASKIN: Yes. . 

DR. MUSTARD: Table one in tab eleven, and table 
eight one in the document we're referring to. I'm left with 
the impression at the moment that the calculations in there are 
theoretical calculations. 

DR.) CHASES That si correct. 

DR. MUSTARD: 2 thinks counsel, uthats'should: be 
sorted out then, so that the actual data on the overhead display 
we had, with the green numbers on it, those were real numbers, 
except for the calculations in the body of the table. 

The table one in tab eleven, and eight one in 
tab whatever it is, those are theoretical. They are not - there's 
no live data in those. 

DR. CHASE: Yes, thank you for that clarification, 
‘cos I was really talking about both. 

MR. LASKIN: 0. I guess what I'm, and it's my 
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0. (Contid.) tonorance of this whole field of 
Statistics no doubt, I guess what I'm really strugglina to find 
5| Out is, you've got a particular filter, or pair of filters, and 
you circulated it around to various counters, and what I'm really 
trying to ask is, did you then assess what variation there was in 
the counting of either that one filter, or the pair? 
DR. RHODES: A. Those are exrressed in the CV 
tables and figures. Those are the direct results of the - not in 
10; those, in table seven five for example, is the basic summary of 
Gane results of bhe istuday. 

Those are the coefficients of variation, 
calculated from the results on ithe filters. Those are individual 
taiter results. 

DEES aCe hgh oe 
= A. Now the figure that I can see vou looking at 


there, we also calculated the TWAs for each set of samples, and 


they're compared in the figure that - in ficure seven four 
through seven six, seven seven, seven eight. 

DR. CHASE: A. Could I take my example here, and 
20| Just carry it through how these would show un on these tahles? 

MR. LASKIN: O. Sure, it would help me. 

J. Part of these would come baci: to that 
tab>oratory, part of ‘them would qo out to another laboratory. 46 
set by the way, may remain together, and of course likewise so 


every pair of filters was evaluated like two lahoratories. 


25 Now when we were estimating the coefficients of 
variation, which, well the actual numbers of those from the 
estimates, based on the data received from the laboratories 
appear in table seven point five, and. ficure the seven point one 
through seven point three. 

sy O.K., we've got - the tabled values that we've 


just graphed in the other papers. 
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DR. RHODES: A. There's a figure in a table for 
every point on those granhs. 
5 You're looking at the wrong one again. 

MR. LASKIN: Am I? I've got the wrong ones? 

DR. CHASE: A. I'm looking at figure seven point 
three. 

MR. -LASKEN: Sorry. 

DR. CHASE: A. And the numbers from these individual 
" pairs of filters, would result in the estimates that are plotted 
those points, the fiaures in figure seven rnoint three are the 
graphs in seven point three. 


Those points that are plotted also anpear in the 


tables in chapter seven, so there's just one place as a table, 
q5| and then there's a graph of those points. 

Those came from the actual raw data that were 
received back from the particinating lahoratories. 

Then, now turn to the figures seven point four, 
through seven point nine?) ‘Based onthis set “of t£bltensthere;cthe 
one ‘where "I -said<hvpothetically we had four sets of filters, 

20/ these four filters right here, had they been returned to that 


original laboratorv, would result in a time weighted averaade 


estimate for that worker. 
These four filters might have gone to a lahoratory 
over here. We receive them, and we could also calculate a TWA. 
oe And those four together, would result in a single number for this, 
a single number for this laboratory, and those are the numbers, 
the pairs of numbers that are plotted in those figures, seven 
point four through seven point nine. 
The reason tfor doing sboth cindividual sfibhters, and 
plotting TWAs, is the assessment of the uncertainty inherent in 
201 a filter count has torgo down toteherfiltersstPossibly thatwcsthe 


way it's been done, and furthermore, that's the onlv way that it 
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A. (Cont'd.) lends itself to the analysis that 
we're doing, but the bottom line of course, is the time weighted 
5| average, the estimate of the average exposure over that day, and 
that's the reason for those plots, to simply show vou the snvread 
of the data that we would get from one laboratory countina one 
Pairoof, the left filters 7£ you will, and another laboratory 
counting the right filters. 
DR. MUSTARD: Q. Can I ask vou a auestion about 
10) those plots then? 
This may not be fair, but I remain for reasons 
that I may get into later, quite convinced ahout the Fact that when 
we do all this measurement, you end up with <<a 4log. normal 
GIstribution. 
I'm just looking at those fiaures since that 
q measurement is part of the calculation of the TG SOO Lae 
distribution probably affects the TWA” distribution, which 
probably has a log normal type distribution. 
DR. CHASE: A. It would he certainly somethina 
that’s similar to it. 
20 Q. Therefore if vou logqed those vertical and 
horizontal axes, you would create a verv interesting effect. 
You would make the data much more symmetrical. 
that is, vou would bring the outriders in,rand 
vou'd spread the bottom out, and I wonder if that wouldn't he a 


fair way to plot it some time. 


ne A. That would be an interesting plot on it. 
The only thing is that it wouldibe, if we. wore sampling from a 
Similar situation, the fact that these are comings fromeqniteea 
number of different collecting laboratories, in different 
SreUaLtOns s,s 

30 Q. O.K., then I think I'd hetter bring in my point 


if I may counsel. 
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MR. LASKIN: Mmm hmm, by all means. 

DR MUSEARO: If I may go into another 
5| biological field for a moment, but one all of you will understand, 
because all of vou have exnerienced the fact that your blood 
Will clot if you take 1t out of Your vessels, ancdexpose? 3 ito 
your skin or a table, and it takes’ ‘a ‘cértain® amount’ Of ‘time: to 
clot. And if you do a hundred sammles of measuring how long it 
takes your blood to cl6t, plot’ the data, anc ‘do ‘a¥da stra bution, 


10 
you'll find it nas a*Ilog normal Gistripution. 


Now, if I take a sample of blood from you, and 
systematically dilute out key enzymes that are involved in the 
process of clotting, I will lengthen ‘the length ‘of “time iettakes 
your blood to clot, and Lf I=plet that out of degree of “dilucion 
asOt a key enzyme versus the™time It takes *to*clog, Lt takes ron 

exnonential functions, which of course becomes a straight line 
of the logarithmic transformation. 

Therefore in a sense, the biological nrocess is 
reflected in the individual measurements of plottino times, 
endino un with a log normal distribution. 

20 You see that analoav? Now as I listen to the 
presentations here about fibre concentrations, and fibre particle 
size distribution, I become convinced, if you could measure all 
the varticles that are generated in an asbestos mine, or cement 
factory plant, then indeed those particles, discounting particles 


have a log normal distribution. 


a You're sampling out of that particle distribution. 
Therefore it doesn't surnrise me that mathematically, you end up 
with your measurements having a log normal distribution. 

Therefore, I do not think it vould matter whene 
the samples came from, that the logarithmic transformation would 
30| hold. 


DR. CHASE: A. You may he right, and the key would 
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A. (Cont'd.) be the coefficient of variation of 
that log normal. 

DR. MUSTARD: So I just think that those plots 
might be much more reasonably presented as log log plots, and 
under those circumstances, it would look a little different than 
it is. There'd still be obviously variation between... 

A. Yeah, I can't disagree with what you're saving. 
The only reason for presenting them the way we did, was to give 


the actual scale that we were working on. 


DR. UFFEN: Q. Would it not also have the advantaaqde 
that you'd be able to see the relative difficulty of measuring at 
point one, point two fibres per icc? 

They're all jammed down there in the corner, and 
you can't tell whether one lab varies much from another. On a 
log log plot, you'd he able to see it. 

DR. CHASE: A. Yeah, your noint's well taken, and 
we attempted to get at that, by at least hlowing up that lower 
portion,that two hv two portion of the zero to ten plot, eby 
going zero to two. 

DR. RHODES: A. Some of those are zero to ten, and 


some are the same thing zero to two. 
DR. CHASE: A. But there's nevertheless, there is 
a bunching up. 
DR. UFFEN: Oh yes, number seven five. 
DR. CHASE: Yeah, but, your thoughts are ... 
DR. UFFEN: See, it looks at first olance as though 


the co-relation is rather good down in the low. Put it another 
way, the scatter around the central line down in the lower levels 
doesn't seem to be as bad as when you get out further. 

ESethat tiustenacs? 

DR. RHODES: A. Well percentage wise it's ... 

DR. CHASE: A. I think in part it's, we've qot a 
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A. (Cont'd.) lot of values down in there, but 
then it's not only looking at the scatter ahout the line that 
5| you sort of have to look un in vertical strips, and horizontal 
strips to see how these things pair un. 
But then the discussion of relative error 
rather than absolute error necessarily comes in, and the suggestion 
of a log log plot, a vlot to illustrate that point, I think is 


good adjustment in doing this. 


10 DR. RHODES: Never seen it nlotted that wav, this 
type of edata’. 

MR. LASKIN: QO. Did vou find any significant 
Gifferences between the results with the more experienced as 
opposed to the less experienced counters? 

DR. CHASE: A. Well, that analvsis was done first, 


and there really was not an aprreciahle difference between then, 


15 


put not all laboratories of course géve renlicate counts on the 
filters. That)was,aivolunteer:thing on the vart.of the narticipating 


NavsoratOgues . 


Some laboratories returned two or more counts for 
20, a set of filters, other laboratories,.would have only done one. And 
because (of that, Lt wouldybesimpropens;dboth intuitively, I think, 
and from a rigorous point of view, to tale two counts from the same 
laboratorv, on the same filter, when other places were only 
taking one. So we had to come up with, how do we select that 
where we did get more than one count from the laboratory, how do 
25/ we select the one to use? 


So one of the thoughts that occurred, was how 


about the most experienced counter? And doing the analyses with 
the most extrienced counter or the least experienced counter, 
supposedly two ends of the; spectrum here, in some sense, you 
couldn't, it wasn't distinguishable in that sense, so we made the 


decision to present where there were more than one count froma 
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A. (Gont'd.) given laboratory, we would tale 
the most experienced counter result. 

5 QO. Can I ask you, were all of these counts done 
WHEN ys LO Ti 78? 

DR. RHODES: A. Basically through 1978. We could 
reconstruct the time frame, but they were done in a veriod of 
approximately a year, through 78. 

QO. Can I ask you this from your own knowledge, do 
10; you believe that either there have been any changes in 
technology for equipment on the one hand, or do you helieve that 


for example, implementing your AIA membrane reference method as 


opposed to the NIOSH method, either or both would have any effect 
on minimizing or reducing the amount of variation that you aot 


in your study? 
15 


O 


Rap RHODES: ae would thinks the, I,would hope, nut 
it that way, that the AIA reference method will have some effect 
on reducing the variability. We set un some. rules..Now when. you're 
talking variability, you have to decide whether vou're looling 

at variability between countries, or variability within a country, 
20) and that method was primarily desioaned to at least try to get 
variability between countries organized. 

NIOSH to the best of my knowledge, has not 
implemented, there has been no change in the U.S. official 
counting procedures. I know they do use the prenaration method 
for wtheir “pltesides, (ah)s.and: thaky sort of things) putihy and 


25| large there has been no change in the U.S. method since this 


procedure was used. They published it in a formal way, but it's 
the same procedure. 

Now as far as the, I'm talking ahout the 
counting sten primarily here, ... 

0. is, that now, Towass just going to, ask jou if 


30 
you believe your AIA method is an improvement on the NIOSII method. 
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Q. (Cont'd.) Is that where vou mostly suagest 
it is an improvement? 

A. Yes, there's a series in here that we suggest 
places that could vrove it. Now the big source Of Variability 
that very little has heen done on, as indicated Dy this stud, 
is the sample collection step. 

There have heen some sionificant improvements 
in nump technology in the last several VearS whiLenth chin aya, 
would hope would help in the collection step, but this auestion of 
where do vou put it relative to the dust cloud, there is really 
no guidance, and no standardization. And I Eéep coming hac! ro 
that as the area that we reallv need to see what can be @one in 
that range. We really didn't address it here, other than point 
ie Outs 

(Y. Does the AIA method endorse it? 

A. The AIA method snecifies that the sample he 
in the breathing “zone ’within a fairly wide range. They do not 
address that particular protlem in any great denth. 

@. And Es that. in, vour jucgement , tne riain 
source of variability in the sample collection process? 


A. I think yes, basically. I don't thinl: the num 


It's trying to get a renresentative sammle from 
he dust cloud, and we're lookine forward to seeing what NIEHS 
nas cone. They made a study of that particular asnect in some 
other, uSing some other contaminants. 

Q. Leaving aside the sample collection process 
for a moment. Are your results on variability with your sample 
evaluation part of the process? Are they reasonably consistent 
With WIOSH"s results? 

A. That's an interesting question. I don't tnow 


how deeply you want me to go into that. iIOSH used the Johns 
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A. (Cont'd.) Manville study as the basis for 
their revised analysis of the variability of the method. 

5 Finst of alli. they, book the position that. the 
within-laboraties random variability, plus a very small additional 
amount for the collection step was the total Variability of the 
method. I think we disagree rather strongly with that position. 

They also in analvsing the data, went through a 
Seat LS te Cal si 
10 Q. You disagree with that because of the small 
additional... 

Ae J don’ te think, I think they are not coming 


even close to including all the soi€es of VArTARS Lity sine che 


method. 
QO. O.K., I'm sorry, I didn't mean to interrunt you. 
- A. I'm sorry. They laraelv eliminated the 
collection step, by adding a small Variapl lity. 
Gerry, you look primed. Why don't you do it on 
the blackboard? , 
DR. CHASE? How much time have we cot? 
20 No, the reason that, it was the J... data that 


they analysec, and of course I'm very much familiar with the J.!M. 
data on that varticular study, hut I think.J. can, -— it. has meal nele, 
not with , so it was the analvsis, and how they, analysed) the cata. 
If I could very quickly, as quickly as I.can do it 
this way, describe what we did on that particular SIMCY. At Ou. SWNOvr 


25) vou why the analysis did, just to at least give you an intuitive 


feeling. 

We collected simultaneous samples not on workers, 
but fixed place settings, so we could get six at a time. We built 
a little stand, and put it - we asked our hygienist.to give us a 
39| Spectrum of experiences in the workplace, and so we did six 
Simultaneous filters, and some of them might have been a series, 


like we had before. One of them might have been one all the same 
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A. (Cont'd.) time. And one filter went to each 
of our five laboratories. 

Right, then if this laboratory had five individuals 
in it, they each cut their own slice, mounted it, used the 
microscope in that laboratory, and counted it. 

Likewise, if this one here had three peonrle 
counting it, and we had varving numbers, denending on the 
laboratory, all three of them indenendentlv cut a slice, mounted 
it, counted it, and analysed it. Likewise for the other filters. 

So what you have is then, within-laboratory, 
within-filter information from this study, and vou have within 
between-laboratorv, between-filter, inter-laboratory, inter-filter. 

When we analyse the data, we use all of the 
information. When NIOSH analvzed the data, they didn't comnare the 
count on this filter from this lahoratorv, with the count on 
this filter from this laboratory. They only compared within- 
laboratories by themselves. They disn't make all of those tynes 
of comparisons that were nossible from the data. 

SO one goes back and looks at it systematically, 
and there's a you know, very logical explanation why one would 
arrive at a lower value. 

There's some analvtical difficulties as well. 

That issue I mentioned hefore ahout we like to use techniques 

that are like the jackknife that are applicable under a variety 

of situations. It annears as if they sort of had a screwdriver 

to try and cut something with, to stick with my analogy from this 
morning. 

QO. Can I just ask you one or two more auestions 
about this topic, and then I'll leave it, and let me ask another 
question that'll show my ignorance of statistics, 

In your argument this morning Dr. Chase, one of 


the factors you put up on the board, in one of vour two factors 
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O. (Cont'd) was inability to get below point 
one fibres per cc. I'm not’ sure the exact language you used, but 
i take it that was the sense of a 

A. Yeah, basically I think I used the phrase, 
Inability to distinguish between values below there. 

Q. Ang are you, when you Sav that, are you 
Zeterring to the inability of the optical microscone to measure 
below that level, or are you Meaning something else? 

A. The whole thing that we're calling the 
membrane filter method, from the collection to the analysis, that 
umbrella statement. 

Q. And I guess what I'm having some trouble fo a 
is if what you're talking about, and what you're concerned ahout 
is not exceedina a particular level, whv does it matter tnat you 
can't got below point one? Why can't you simply call all of 


those value 


n 


cown at that area, point one or less? 

A. Tnat Sn factewist we ao, in terms (of 
reporting results. But the analysis is such that in order £0; 
Peti the table that tT ive presented, the analvsis is such that in 
order to make the statement with a degree of reliability that it 
falls you know, with ninety-five vercent confidence that no more 
than five percent of the values would exceed it, DIcheve: toube 
able to distinguish between a point one and a point 0 nine, and 
a point O eight, and a point 0 seven. 

iiR. LASKIN: Right. My Comissioner is going to 
clarify my ionorance. 

DR. MUSTARD: No, I'm going to try to disnlav mv 
ignorance as well. 

DR. MUSTARD: O. Let me pose this a slightly 
different way. If I had a system developed, that would sample 
and count to give me sufficient numbers of Eibres, ‘let us say 7 


would count a thousand fibres, I realise there mav be technical 
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DR. MUSTARD: 0. (Cont'd.) reasons why I can't 
get that through your sampling, I count a thousand fibres, then 
5| you'd probably have no problem at all, in differentiating hetween 
point one and point 0 five. 

In other words, am I not right, ity s that, your 
real problem is that the number of fibres that you can count with 
the existing system to aet a reliable index at these low levels, is 
that too small a number of fibres will actually be counted into 
10/ the calculation. 

Is that not what the problem is? 

DR. CHASE: A. Well, that's part of it. You're 
absolutely correct in that I would know more about that sample 
if I were able to get a much more extensive count of the, filter, 
but the data that we have Suggested, there are other factors aoing 


Sia A 
in there, such that even if we were to extend the count, those 


Other sources of air are still going to be there of a magnitute 
that we're going to have the problen. 
If vou counted more of the filter, vou would 
improve it, no question about it. But you wouldn't he ahle to 
20) improve it to the point of - you would still have some nlace in 
there where you're going to run into trouble, because of these 
other sources of error that are there. 

In other words, sort of an intuitive, if one 
laboratory is coming un with a count of twenty, and another 
laboratory is coming up with a count of seven, just for examole, 
25) the available evidence woulc suggest that even if we were to 


extend the counting rule, to have them count so that we're not 


at twenty, that the higher one is out around the thousand, or 
something like that, that there would still he a fairly large 
error between the two that would not be corrected by the thing 
that we know we can improve, hv counting more. 


30 
QO. But we don't know that because we haven't heen 
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DR. MUSTARD: OO. (Cont®d. )able-to test tiat in 
actual practice, have we? 

5 A. Well, we haven't been ahle to test that 
specifically, you're right there. But what we can do by 
separating out some of these, if vou're familiar, like with an 
analysis of variance tyne of thing, where you trv, that's a 
Statistical wav of trving to separate out some of the sources of 
error. And what we've been able to do with that, would suggest 
10] that counting, even if we were to count virtually “the whole filter, 
we would still have a vnroblem with differences. 

O. True, Iguess I was designing “a different 
method, getting all the fibres “in, “hut "to come back “to the 
counsel's point, my intervretation of that statement that vou have 
in your text, in tab “eléven is it, “is“ttat what Wf is, eta 
i eleven? 

MR. LASKIN: Yes. 

DR. MUSTARD: Q. The one we got vesterday? 

On page twenty-two, using™@this: method, @thescecona 


maragraph, 


20 "Using this method, the lowest ashestos standard 
wniich permits the possibility of=achievingetne 
desired dégree of Confidence, without recuiring 
measurement below’zero point one: fibre” ner®ce, 
falls in tne rance of = 
But my iIntéroretation” of that’ would simel wimar 

25) when you got fibre densities which give you very low values, so 

what? They're low values, and that's indeed, that's a desired 

part of the story. We know that it's not going’ to be Hhevondean 

upper boundary based’ on your-calculatiron,” and this'll Seem to me 

to say that you shouldnt set’ the fibre standard’ at’ zero point 
three fibres per cc. You just” feel that “snould Sevan acs ueement. in 


30 
pushing it down. 
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DR. CHASE: A. Well, the only thing is, you 
could not then have the abllityy to measures® to reliably assure 
5} yourself that you're not gonna be above that standard. 
DR. MUSTARD: 9. O.K., well then I would suqaqest 
that maybe I'd word my legal document something like this. 
Ninety-five percent of the readings must he less 
than zero point five CCCs and you know, that's when it doesn't 
matter. It's when they go above that, that if I set my control 


10) point at the upper end of your boundarv, at your confidence 


limits. Do you see what I'm getting at? 

A. Yeah, but I still - the statistical problem 
of not being able to if you will, me as the verson who's doing 
the sampling, as the industrv who's doing the sampling, cannot 
a reasonably assure myself within the canabilities of the method, 
Ehathlycanydoithat: 


9. Well now, I don't quite follow the iWole wife We he 


Ghats 
Let's go at one cc, one fibre Der co, alli rignes 
And if one set the rule that the upper limit, the unper limit, 
20} I'm not saying what the time weighted average should be, what 
the upper limit should he, must be on ninety-five percent of 
readings, one fibre per cc or less. 
That would, by vour tables that vou gave us, 
achieve a time weighted average of zero pomnit tive. 
A. You would achieve somethina below I and. an 
2 GCEGCE | sets 
Q. Something in that ranae, something in that 
range, and that certainly you're going to be able to count one 
fibre per cc, and therefore those lower levels don't really 
become very important to me, if I look at it that way. 
30 Ty reakize wthatomay, be pretty impractical from 


the records here point of view, but that's another way of 
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DR. MUSTARD: Q. (Cont'd.) internreting all that 
data. I could rewrite that paragrann that wav) and’ I'd still“he 
5| saving the same thing. 

Az Well; you) still’ wouldn’ ty Lf Vou" réeqoing to 
get into that NIOSH concept of beino able to assure oneself with 
some decree. You then enter into not the kind of calculation 
we're doing there, but rather a hinomial situation, each samnle 


is or isn't. Now it takes a large number of samples to hegin to 


10) assure oneself that that would be the case, and I would sugaest 
it would become impractically larce. 
O. “But Stidl Pit*seanocthner-vay of writing taat 
paraoraph. 
AS’ Le would be. 
i oO.“ ft's¥the practical *asnects-of"the annlteatren’s 


another cuestion, but it's another wav of looking at the same issue. 


A. It would be another way of writing something 
related to the paragraph, but’ I would have’ to say, that "paragraph 
couldn't be quite rephrased in that. 

Your’ pornt ,"and*E°urnderstana *vour*pomne, bureit 

20) wouldn’ t be"quite—"vou"vevaddcd it /*vou"veenotenucerte in tae 
same context as the paraaqranh. 

DR. “MUSTARD. *20rr’; 'COUNnGeT 

MRS RASKIN: "No; that *s*fine, “vou"dic Te nuch 
better than I°could-nave done 21t% 

HIR. “DASKIN:s "OF - Just let me ask a -adiftrerenct 
= question along the same line; and tell me whether I'm way Off hbase. 


I‘’mean, why can"t vou for example, “hypothesize that-all ocfeyaur 


counts, that if "you ‘cant “gct=nelow noint one, why cant) vou 
Simply assume that “all of ther fritersiin which vou don"t eseec 
anything, you give them an “arbitrary count; ‘which Us either "port 
39| One, or let's take a midwav point, noint zero five. 

I mean, you know, we're talking about indexes to 
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Q. (Cont'd.) start with. Why..can't. you.do 
something like that, if it's necessarv to have a precise fiaqure 
5| for your statistical calculations? 

i. tWellowatdvou didewhat. you'!re.savina,.!cos.1 
guess in a certain sense that's the wav that manv of the data 
are recorded now, and that is, if it turns out that the 
Calculation result's less than noint one, less than point one is 
reported. But to say that to arbitrarily -*to report it. that way, 
0 imhavesnotdifiiculty <1! segust that. now, if you're going to use 
those data to try to say somethino about, with some decree of 
liability, what that worker is exposed to on manv days, that five 
percent of the davs kind of thing, that the bound vou end Umer tn 
is going to he pushed up. 

15 Thosejdower mumhershthatpwesgeteat, witheall the 
caveats that qo into how they were calculated, are the hounds 
Theat youlbegins endingrams rite 

por Tom@iean, whet’ sou! remeavine that vou .can Go, 1'm 

just, what I'm saving is that in order to do that, under certain 


conditions for CVs" ands thelcoefificients of variation, ance, the 


20/ geometric standard deviations, they siould..be dncommatible with 


SGma, Standards.in there. 
O. Veal, Taybhanly Ie understand what .voulre 

saving. It's just that we start out with an index it seems to ne, 

wnich 1s in many ways is just that, an index. And we've heard 

lots of evidence tthatk; basiical lw,d tis neasuxine verw.few,of. the 

a4 fibres that a verson's actually exrosed to, and vou..know,. which 


raises the question as to whether it's the riaht inde -~ sacther 


it's an index of the right thing. 
I just don't see why vou can't add another 


assumption into the system, if what you need is another assumption 


30; tO male your statistics work. 


A. No, see, that assumption is simply a recordina 
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A. (Cont'd.) mechanism. The mroblem that would 
exist with theievaluation:as we presented it, remains the same. 

5} That doesn't get around itjeitagustthivesowith it, tis vyou'will, 
and the result of that would be that vou would not be able to 
make that kind of statement with many standards, because your 
ability to say the statement is above at the very least, above 
Ene standara. 

Q. Can I ask you just a different Question 7at es 
10/ the last question on this point. 

Do vou reduce vour variation if vou Go at vour 
standard in a different way, and I'll try a different way from 
Dr. Iiustard's proposal? 

But instead of setting a maximum nermissible 
exposure linit, sunpose vou set a standard based on the fact that 
ig for example, a worker is Subjected to I don't know, ten samnles 
a week, and the average of those samples , we'll say, should not 
exceed a particular level, let's sav one. 

Can you reduce the amount of variation in the 
systen by positting a standard which is hasea On not exceedina 
20) an average over a particular period of time;orathen«tHan worrving 
about whether one narticular sample exceeds the limit? 

A. Well, are vou saving from a MBACUEC alwIroO ha 
theoretical -point of view? 

O- Let's talk practical, in the workplace. 

If you define the way in which vou set vour 
25) standard differently, so that you don't have to worry about the 
inspector who comes in, and one times in twenty finds that, vou 
know, the worker's got you know, two noint sevens instead of two, 


or one point three instead of one. Instead youwrsayia 22% 


A. You're scrapping the one dav, 
30 excuse me for interrunting. 
You're scranping the one dav compliance, non 
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A. (Cont'd.) compliance framework, and replacing 
it with something that would average over several days, and reauire 
5} that when that assessment is made’, “that vou do it that way: 

Q. Sure, but let's say he's sampled once a dav, 
and every week, the average of his exposure should not exceed the 
Upper Limit. 

DR, RHODES: A. You're talking a grah sarmnle once 
a day, or full eight hour samnle once a day? 
¥ Q. Let's talk theoretically for a moment; a full 
sample. 

DR. CHASE: A. So essentially full, if vou get 
into the full time monitoring for every worker, then we'd have to 
bring in a practical limitation. 

15 O. But in theory, could you not reduce the 
variation in the system of doing that? 

K. Oh ‘yeah, from the theoretical pboint of view, 
yes. The minute you bring in nore things, and becin to average, 
then when we averace, some of those contributing errors »eaqin to 
get reduced. 

20 DR. UFFEN: Q. Could vou increase the flow rate 


in order to qet a larger number of fibres to count? I notice it's 


eye litres per minute. have 7 aot 1e Yrigut, per eigne nour=sniitt? 
fvwo litres of air through €he pumos. 
DR. PHODES: A. There are a counle of considerations 
oe Pyere. (Firs: Of All ste 
Q. What about ten times? What havnrens? 
A. Well, first of all, you can't carry enough 
batteries to run it that hard that long. You also, let me think a 
minute, there was a fair amount of worl: done on the DMAP on the 
etrect of the face velocity onva count, ana Lb Virteacnic we 
30; didn't come to any final - clearly demonstrated, but it looked 


like there was a range below which you shouldn't ao, and a range 


87 (6/76) 7540-1171 


4 * 
", oricalcet 
- 
ar ranoayt mre 
Poe ~ 4 » S, 
‘4 
. 
\Yao © * 
ory f %~O 
‘ 
anno alr 
ec i 
4 
‘rot a 
> 
. 
“sf 2 
. 7 
"Spt te Mihi 
: Y 
r 
5 + c 
a 
i a 
@& ° - 
tl 
- 
sv all . 
Ps , \~ 


won 
2 dete 
om 6 


tah Aar 
+ 
2 
rn 
“T 
, 
- ‘ 
bon 
* 
4 
= “= 


ff - ga9 a ob f 


- 
- 


i VSR eryot sud coxvna’ 


~~ veave ro? pobrotinom anid iio" : 


< | “i ry 
oy Bivos (yidets ht Jom 4G 


f . 
sneotsy witaals - Tank Qn 


tag) . 
- % Us 


sonst Ini: 


ann 


“ 


iceulrokia tapteceod @ ; 


ree 


i 


S#eely ontob Fo nsjeye rid ai ot 


* 
c mM aor? ,feey AO en 
ie i ae 
mAtey orvorn ni pire vot S++ 
’ — a 
$107 nitt Yo eos eperevs 9 
’ a i 
~~ ery teat ¢~ 
f fe : } syarTiv > sig! 


> a Pe oe | aD - rene? Yoo Tr 


% gi DOD = Yon bs 
= ~~ aI ~ et + C ret 70 
. . — he 
r * ~ reo" 1 4 
tA ereorTt ef . 1} . 
noe 
»** 
4 
¢ Pe 
. sare m ba re Fe be y 
a ar eo > , 7 re 
: a 
i- 
4 + 7 2 iz 
Pret f Te ‘ 
* 
it i | 
2 iy te ~y 
> p om Oo Sh > z€ 


’ oe 
a ‘ Pant a is veicoeior oos' 


. 


0 rad aia 


da voy eaite 4 


oi 


10 


15 


20 


25 


30 


| 87 (6/76) 


~-~ 106 - Rhodes/Chase cr-ex 


A. (Cont'd.) above which you shouldn't go. 

DR. UFFEN: Q. Two litres per minute seems to me 
intuitively as very slow. I'm not sure whether it is or not, 
never having worn one of these. 

A. What we recommended, was a different, change 
reducing the filter size, to make pumps smaller. 

You also, as you go up in flow rate, you tend to 
load your filter faster, the pressure's up. 

Q. you tend to load the filter faster, but what 
does that do? 

A. It increases your pressure drop. 

©... 1.Ss that, bad? 

A. It infects on your pump. 

What I'm really saying, I think, is that the 
limitations on your flow rate, is primarily your pump, your 
ability to pump the material with a device that can be worn. 

Q. O.K., maybe it's a technology that's reached 
7S ee ATO. 

A. Pardon me, there's one other point. 

Q. It starts to vibrate? 

A. No, the flow rate and the face velocity was 
also selected to approximate the tendency, the reparability of 


the fibres. You're not running a cyclone in front of it the way 
you do with dust, with respirable dust. In other words, it in 
effect gives you a respirable nonrespirable cut, without going 
through the problems with the cyclone, which gets to be a little 
messy with fibres. 


Q. I can see the point of that. If we were concerned 


about trying to reproduce the kind of measurements right where 

the workman is, you don't want to have them widely different from 

what he's actually breathing under normal circumstances, but if 
— trying to regulate and monitor in a region where we know the 
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DR. UFFEN: Q. (Cont'd.) rates are low, that's 
what the knowledge is in the first place, then maybe it's not 
5; SO important to reproduce the precise conditions that the 
workmen have. Up the flow rate maybe not ten times, but double it. 
Presumably that would increase the number of 
fibres you would be able to count in an eight hour day by a 
factor of two, and if you could triple it, you might be up to a 
region where you could measure point one fibres per cc, not by 


10| trying to improve the optical counting, just by getting more 
fibres. 


DR. CHASE: A. Certainly from a theoretical point 
of view, what you said would be something that could be 
investigated. One way I'd have to answer is that that hasn't been 
done per se, so that one couldn't answer exactly what it does 
to it, and I would you know, the empirical data would sort of 
show from a study if one were to take that kind of a situation, 
what might happen to it. 


15 


Harry, would Steve Becket's investigation - I'm 
being vague about an article that appeared in the literature in 
20} the last couple of years by Steve Becket, because he addressed 
some of the collection parameters, and I can't recall 
specifically, but I think that one of the ones was the thing that 
we're addressing here, and I think I'm correct, in that again it 


was consistant with this, "You don't go below something, and 


don't go above something because things happen." 
25 DR. RHODES: A. It's not certain under the 
conditions that he's described, that you've described, that a 
very low concentration that's going to a higher flow rate to get 
more fibres, in theory might be the way to go. 
On the other hand, the tendency has been to make 
the pore size in the filter larger, to reduce pressure drop. To 


30 
a the pumps smaller, it isn't easy to get a pump that'll run 


87 (6/76) 7540-1171 


Pings i all ine wok ‘ite seta te ane) 3 is eh 


' i 
Bae ) és 
he it eat ‘ok aay sa ett eosia 3 saxtt ‘kas ate 

pda serte enotsitynoo ex tnenq aiid ‘epobos 


in rf wrt 


3k sictvotd sud poms ped son ecyene eter ‘wort add 


to yodmon ott easaxont binow “gant vide seedy 


eo 


st { yab wood tepte un nk davoe of aids at ‘btnow tor 
L eS Qt i sitpie a ~2t eigqs a ‘pieoo voy aE ban ows to 


ditoq eresem blues Oy. vist 


} nigtep yo save path InwOD tanto oii? ‘evougal 
hr firs 
ratte 
_ Wy pate 
nt+4ox00ds B&B moxl yYintaeste A seAHO a9 480 a 
Live nits itemos od binow bise voy guste 
72S $ * resi j [als 3 fg ai ztowens oo ovas hy’ & be al on 
HM : one - 
. gf gorttw visosxe tTewens 3'nbines eno gar oa von 360 
o> st08 bf + pieb fLantiatame ens woes yoY. bluow t ‘Bas be 4 
aan ye 
4 it ; Yo -% gad? otst oF @tew « ‘i ybusa 5 we 
at o2' negasd 
‘>t = sigeeval 2° sexDe6 aves2 Sivow sesame ae 
srotiL odd al Bexrseqqe 28dy sloisss as suode | eure es e 
‘ ( sevaned ,goatoed avesze YG S268 20" atquos 3% 
i 1 j' neo I bas ,aisgemsize¢d mktseltos» 
$ ’ ; ais to eno Faas atnksts t sre y 
i i4 wt .soetrxoo ml Anis? f bose ‘ete a paler 
Penney] fod « 3*aob wor” , elniz Aviv seeset 
. ny 
* wooed eaepotdd oagsned priddomes OVEWA : 
~ Te 7 ie : 
mit? wor WLS son @'3T «A teseves A we 
' a 
‘ tiyoseb ov’ uoy, tadd A edixopesh «a'aa 2aco 
7, f + ial i 1? Sa 
¢ sap Od wolt sefeid « os euioe 2’ eane colts wines 
7 3 wp of Yew one ad ztépinm yroeds 
| ert of mood eof ¥ gebaod ott \ Ones yattzo odd 
aa ’ : i 
at .gowb etvegeou, acvhet OF septal tev lst ats 
sux Ii’ cede quaeq a Sop OF YeRe s'tawt @2 4 
. j E + 
L 
a 


- 108 - Rhodes/Chase cr-ex 


A. (Cont'd.) eight hours at a constant rate, and 
for personal sampling, particularly when you begin putting this 
5; automated equipment in there to check out whether it's been 
tampered with, it's a pump design problem to get a personal 
sampler that'll run at those much higher velocities. 

It has, Gerry says it has not been done. The 
tendency has been in the other way, to make them smaller, and 
make them more constant. 

12 MR. LASKIN: Q. Could you just elaborate on a 
statement that is at the bottom of page seventeen of your text, 
which is tab eleven? 


Will you talk about the difference between 


multiple sampling, and a single full shift sample in an eight hour 
a period? 

DR. CHASE: A. The thing that we're, that that ... 

Q. Is there a policy suggested in this? 

A. There are certain errors that are going to be 
in much the same way that you were suggesting before. Suppose we 
take an average over several days, would that reduce in some way 

20; the variability? And the answer was, Yes. 

That same phenomena that you're talking about, 
there are errors contributed by the analysis of those filters, and 
if you analyse a few of them, you're gonna begin to average some 
of that damp down, some of the fluctuations that one would 
expect. 

2 So this is just a statement that the data we have 

from the Round Robin, would suggest that you do see that kind of 

a gain, by taking more than one filter. 
There is one point to keep in mind. We say suggested, 

and that is»... 

30 QOnrIlsnithpractical? 


A. Well, no, it may or may not be practical, I 
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A. (Cont'd.) mean in terms of taking, instead of, 
if eight's better than one, let's always take eight. That 
5| involves mounting and counting eight filters. 

And the other one is just a footnote, and that is 
that the between-laboratory comparisons that we have from the 
study, were as a result of a solid randomization between 
laboratories, and therefore the bottom line main inter-laboratory, 
inter-filter variation that we have, you know, very comfortable, 
10/ very reliable, as far as I'm concerned, because of all of the 
scientific design that went into it. 

It's when you talk about the information that we 
have about repeat counts on the same filter within a laboratory, 
the intra-laboratory, intra-filter. That did not come from all 
laboratories, that came from those who volunteered to send in 


15 
more than one count. 


Therefore the randomization that we got from the 
other comparisons that we have, was not present in that, and so 
part of this, the conclusion that we say why one can reduce it, 
is based on the data from those laboratories that did volunteer 
29} to send in more than one count. But the randomization, the number 
of laboratories who actually sent it in was fewer than forty-six 
Guite a bit, so it"s just that, ZI would just. say that that’s the 
idea of taking, you do begin to see the effect that you alluded 
to before by even within a day. But there would be a lower again, 
a point below which you wouldn't gain, you'd begin to lose. 

25 Q. Can I just turn briefly to one topic which you 
raise in your text, although I don't think we discussed this 


morning, and that's the use of the scanning electron microscope? 


And I raise it only because we've had one of our previous expert 
witnesses, who at least suggested to us, that it was indeed a 
feasible instrument in the workplace, and I note from reading your 


30 
text, that you appear to take a contrary position. 
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DR. RHODES: A. It would depend really on what 
you mean by feasible. Electron, my experience with them has been 
5| lin’ zed. We've done some work using them, but I've never operated 
one myself personally. I've stood there and counted on them. 

Basically you're talking something like seventy- 
five thousand for an instrument, and you're talking a rather 
skilled operator. He's not somebody that you're gonna be able to 
bring in off the street generally, and train as a technician. 


i The other, there are a number of other problems. 


Are you going to , first of all, what kind of filter are you 

going to collect on it, because all the membrane filter, as the 

name implies, is collected on membrane filter, and you cannot 

count on an SEM on a membrane filter, unless you make some 

a preparation to get rid of the sponge structure. You're literally 
looking for a needle in a haystack. 

There are some techniques that we've done, some 
acetone reduction, I think this triacetone acetone thing will do 
it, but I've never done it personally. 

The alternative is to collect on a nucleonore 

20; and that's got all the little holes, and you have no assurance 
that you've got a uniform collection, and there are also some 
problems of having the materials that you collect in the field, 
back on the same filter, when you get it back in the laboratory. 

You also, there's a question of what magnification 
you're gonna count at. The work we did was at five hundred anda 

ee thousand, which was just a better resolution, with some chemical 

analysis availability. 
If you start going to higher, two thousand, five 
thousand, you begin to get into the problem of your field area 

gets smaller and smaller and smaller, and you're counting a much 

39| Smaller number of fibres. 

So, what we, an area that I would consider practical 


= 
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A. (Cont'd.) is to use the electron microscope 
in a very selective manner to characterize a dust Cloud, -for 
example, identify what some of the things are in it, get a 
proportion of fibres of a given size range which are asbestos, and 
apply those kind of corrections to a group of samples from the 
Same location; something of that nature. 

Identification on it is also not as easy as some 
people might imply. You see something, you know darned well it's 
asbestos, you can't get it to give you the right peaks. 

Really the bottom line is, it's an expensive, 
relatively slow way to work, requiring a level of skill which is 
considerably higher than for routine counting on the optical 
microscope. So I would think it might have some selective uses, but 
as a routine procedure, I'd hate to have to start counting 
everything on an electron microscope. 

DR. DUPRE: Q. Just to tease this out a little bit, 
I'm thinking of where the electron microscope can be a useful 
supplement to the membrane method. 

Can I take it both from what you've just said, and 
from what is in this document, especially on page ten, that you're 
thinking of the SEM as complementing the membrane filter method? 

The SEM really cannot complement much beyond, as 
you put it, characterizing the workplace environment 

DR. RHODES: Well you can get considerably higher 
magnifications on an electron microscope than you can on the 
optical microscope, but as soon as you do that, you've lost field 
area. You're paying for something. It's a trade-off, is what I'm 
trying to say. 

Q. Now what you've just said there, I suppose, is 
also a reason why I imagine as you pointed out on page eleven, 
there is indeed no known relationship between SEM counts, and 


optical measurements. 
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A. That's basically true, if you count on the 
SEM applying the optical counting rules at the same general 
optical mag. You can get a fairly good result, at least that's 
been our limited experience. 

Didn't Danielle report some of the same, at one 
of the meetings, do you remember? 

If you're counting the same general size fibres 
at the same mag., you can get some fairly good relationships. 

DR. DUPRE: Q. So just on the basis of what you 
Said then, would this encourage me to discount a view that I 
have heard, which is that the preparation of the sample, for 
electron microscopy may perhaps affect the size and dimension of 
the fibres being sampled? 

DR. RHODES: A. Are you talking SEM or TEM, 
scanning, or transmission? 

Q. I was talking scanning. 

A. What type of preparation were we referring to? 

Q. I would have to go back to the testimony from 
the particular witness involved. 


A. Well, if you're going to use the nucleopore, 
all you have to do is code it. If you're going to use a membrane 
filter, you've got to do something to destroy that filter structure 
so that you can see the fibres on it. 

Now destroying the structure can be done with a 


little acetone. It's not hard to do. The problem is not to shrink 


it, not to change its dimensions, or not to have the fibres 
disappear down into the goo. 

I don't see any reason why it would significantly 
alter the structure of the fibres. 

If you're talking TEM, you get into the 
condensation, washing, and all that sort of thing, that there is 


some question whether you're gonna lose some, or I don't know how 
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A. (Cont'd.) much it would change it, but the 
losses are a question. The rub-out technique nobody, almost 
nobody uses any more. 


o 


DR. DUPRE: Q. So the preparation problem if it is 
there, is likely to be there in the TEM situation only.) 1t's not 
a major factor. 

DR. RHODES: A. It can be done, but there's no 
Standardized procedure to do it. Every laboratory has their own 
10| favourite technique at this point in time. 

Now if you're going to count at five thousand, 
you've got a whole different ballgame, you're counting different 
fibres. You get all kinds of numbers. 

' MR. LASKIN: 0. Is there a time problem in terms of 
analysing what you've got? I mean, can VOu GO;. asia 

DR. RHODES: A. No, it's a lot slower. On an 
optical microscope, with a good counter, he's going along there 


15 


like he's playing a piano, plicking 'en off, and he's got a 
trained eyeball, and he can move that field very quickly, just 
turn a Knob, 

20 With an SEM, you've got all, it's like reading 

on a TV screen, and when you switch your view location, it takes a 


brief time for the picture to stahilize, so it's not anywhere as 


easy to pick up your fields. 

Q. What about the day to day costs of samples? 
Is that a significant factor? 
25 A. Well, the longer it takes you to count the 
sample, the more cost. 

Q. You're paying for operator's time. 

A. And you've got a much bigger maintenance 
problem on an electron microscope. You've got a high vacuum 
system that you've got to maintain. 


30 
QO. I'm ‘sorry. 
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DR. CHASE: A. I'm just gonna throw in one point 
that was really I think, brought out earlier, this problem as 
5| you increase the magnification, if you were to double things, then 
it takes you four times as long to count the equivalent area, and 
it works that way. 
MR. LASKIN: Q. If you use the same definitional 
rules of fibres, with SEMs with an optical microscope, can you 
with the SEM, can you still control for the fact that you ‘can?’ € 


10| measure, or you can't see fibres in an optical microscone that are 
thinner than a particular diameter? 

I mean, can you control for that factor? 

DR. RHODES: A. I'm not sure. Let me see if I 
understand your question. If you're looking through an SEM at 


five hundred mag, you see pretty much the same thing. 
15 


You get) bettermresolutron than you do looking at 
a membrane filter through a phase contrast. 

Q. What I'm trying to put is, we've heard sone 
evidence that for example, you might have a fibre under the 
optical microscope that'll meet the definition of an asbestos 
20| fibre, that is greater than five microns in length with a three to 
one or better aspect ratio, but you won't be able to measure it, 
because you can't see it, because it's too thin. It's below the 
resolution power of the optical microscope. 

Aw Well): your resolutions isitgoing totvary with 
the magnification you're working at. 

25 Q. If you have the same, you know, the same 
field on the SEM, will you see that fibre? I mean can you . 


A. You'll see more fibres than you will with an 
optical microscope. 

Q. And you're using fibres in the definitional 
sense? 


30 
A. Yeah, you can get your field, your resolution 


; 87 (6/76) 7540-1171 


gg soul enado\e shone Par, 


5 


/ E4 y ae 


Si 
« 


LF v7 Fx ¥ ; 


. dabow. eet » ok wouds BN 


ay 

a! | 
= 

we 

ia, 

Oa 


= 


ei : 


nop gout mit, 6 atRAr 4 


5. | 


ai hee i 
62 IEE “aighowit) tata, bi i 


an matdove eine .xolt 14. 
sods ,wonkd? eliivobh oF Stew voy uf yn@brsolilepam eM . 
i " . f J ‘ P : 7 
we sete drial ppe ed? anvoes ot prot all eomid ) 2 hed 
" | \ <0 ia mt a 
: | 3 
-. Seneiotad emit wit exo uoy af .0 sUINeAL ak 
gow agp .aqooegzotin Iscljqo as Asiw alice iddw jeesana, to 


4'are w seca 2663 ott so¥ Loxtno> Ifise “oy. ABR, Mae el 
. iJ otoim Iaottgo ne J gazdii evs > fe REP: nov 70 «oie 
 ' Syetometh wet poltang ® past 2 
962 Jen? 2035 Ioxzsnon HOY nD nsom ZL 
%) sot .ewe fou. m'l. -A :@300M2 .A0 
. outs onistool ea soy 31 .os L22QUp qwoy, Bre 
iivit amse offs ff 321m ‘Ite Iq 292 inp bes 
in pfwidalc Hs nats noljuloves se2394 Pp ugYx 2 y 
tanzjnoo eesia 6 i oun sos ite ® s 
wn fr pew ,ai 2uq O58 paiyt? m*< gai Dy. — + 
4 —~/Ai% gp oved siplm voy .e.qmexe 30) ‘anit 9g 
32 p %o rotsinizeb edd teem IL*sano eqovrorpse : te 
c t 2 of a s~oim evil mass t9Js83p al Le 7 
4 alda od 3's uoy fu olis» soaqas xaos ‘a 
ts a > ae ij oof w*3l eauscs ery 092 3) nap aie 
.saooeoszplm Laolisgqo af2 to inp 
miop et aoljulogmt av0yY ,fLov ae) 
34 palrzow an soy aoa acs 
+ «wo uLe d3% evad woy 32. ts 1m 
d so acem I q {? eos woy Litw. Pa ody 
p iw py tptid 3 1 oom |eef Ei" eee By Le 
» » ener 
Pane iSe oe at esr? pobew et’ bay iy 
- 2 yy 
Moidu : SHoy .Gfels suey 29 
i y Pd : ; 
/ 7 " ae 9 
7 ts bey im mek at 
A ~ eee Mate tig ae 


10 


15 


20 


25 


30 


3 87 (6/76) 


=. LE Sa— Rhodes/Chase cr-ex 


A. (Cont'd.) is clearer on an SEM than in the 
phase contrast, but you're not going to get major differences in 
what you see. 

DR. MUSTARD: Counsel, may I pose your question in 
a slightly different way? 

MR. LASKIN: You certainly could. 

DR. MUSTARD: Q. The optical microscope will not 
pick up the very thin long fibres, because of the - but, I'll 
make the statement, then you can say whether it's wrong or not. 

On scanning electron microscopy, using a high 
enough resolution, we should be able to detect those fibres. 

DR. RHODES A. Using. - well ,if you're going to 
go up in magnification, yeah. I was making, what I was saving is, 
at the same magnification, there's not all that difference in 
what you can see. There is a difference. 

Q. Except the resolution is that much sharper 
when you look down. You're going to see that you see it, and you 
automatically bring up the magnification. At least that's what I 
used ... 

A. Yeah, well, if you're gonna allow yourself to 
move the magnification, yeah. 

But you run up the big, you start scanning on the 
big mag and it's there, you're gonna miss, you have a tendency to 
miss the big fibres. You're taking a much smaller area. 

I'm not knocking the SEM. I'm just saying it's a 
much more difficult instrument to work with than the optical 
microscope. I think it has its uses, but for massive routine 
sampling, it really adds to the burden. 

MR. LASKIN: Q. Do you judge that it has its uses 
in the workplaces, in the asbestos workplace? 

DR. RHODES: A. The place that I would say that it 


has its uses, is in the characterizations, selective use of 
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A (CONT. di.) characterizations, where you have 
difficult dust clouds to work with. Dust clouds are not all 
Created equal. There's some easy ones, and there's some difficult 
ones. 

DR. MUSTARD: Can I, a question I was going to ask 
at the end, I may as well ask it now? 

MR. LASKIN: Please do. 

DR. MUSTARD: It seems to be the time. 

DR. MUSTARD: Q. It's still unclear to this 
Commissioner what the most hazardous fibre form is, whether it's 
long and thin, whether it's just thin, or what it is, because, my 
problem is that the data that we have seen has not done what I 
would call the perfect experiment of taking perfectly defined 
fibres, and experimentally finding out what they do. 

It's all by association, and interpretation, and 
a large part of the fibre assessment appears to have been done 
with the optical microscope, which then has the problem that it 
only gives you a part of the Story. 

This really then raises an interesting dilemma 
for me in this whole business. If for example, in one of the 
processing areas, you tend to produce fibres, but very few thin 
fibres, but fibres of varying length, then the assessment that 
we're getting with the optical microscope is giving one story. 
But if in another process, you're not only getting that, but 
you're also getting very thin fibres because of the fragmentation, 
your optical microscope then, is really giving you a different 
index than for the other place. 

Now it would seem to me, that someone should take 
the scanning electron microscope, and attack that problem, hecause 
I believe that problem exists from the evidence we've had, about 
the difference in fibre splitting. Do you know if anybody's tried 
to tackle that important issue? 
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DR. RHODES: A. I'm trying to think of a reference. 
Do you know Gerry? 
5 There's been, part of the DMAP work was Exving to 
get, collect information, available information on the subject of, 
how different are the fibre sizes and diameters in point sources, 
which is the same sort of thing, and I surveyed EPA and NIOSH, 
and OSHA in some of the states, and I really didn't come up with 
much. 
10 DR. MUSTARD: Q. You see the dilemma, because I 
could see that a two fibre per cc standard where you have very 
few of these fibres, when you did the scanning electron microscopy, 
might be a pretty good standard, whereas in another place, you 
might want to drop it down to point five or point one, just 
because of the fact that your optical microscope problems of 
picking up the long thin fibres, so one is left with the problem as 
to what that index is really reflecting, in terms of tota] fibre 
mix. 


15 


A. I agree. There's not much I can say. There may 
be a situation where certain types of Operation would require at 


20| least a characterization by more elaborate techniques, but it 
really wouldn't make sense to make every operation go to more 
elaborate analytical system. 

It's a problem, I agree. 

Q. No, and also, and even once you've standardized 
that plant, you could then set what you thought the index would be 
25/ through a simpler technique from monitoring. 


MR. LASKIN: Q. I've just got one other question, 


and maybe you can help me with it. 

It really has to do with evaluating a numher of 
the epidemiological studies that have come before us, and one of 
the things that the Simpson report did, and you may be aware of it, 


30 
is made an adjustment because of the change from static to personal 
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O., (Contitd.) Sampling, and in the Simpson report, 
there was an assumption that there waS a factor of two involved, 

5; when you went from Static to personal Sampling, using the membrane 
filter method at about a two fibre Standard. And I just wondered 
whether I could draw on your experience and knowledge to tell us 
whether, you know, that accords with your own experience, I mean, 
whether we Cught to when we're evaluating all of these 
epidemiological Studies that we've got, and trying to put some 

10/ sense into the dose calculations, whether we should he making 

that kind of factor adjustment. 

If I've taken you beyond your field, please tell 
me. 

DR. RHODES: A, Well, I can comment in general 
terms, that much of the early data at Rochdale, 

Ky Correct me if I'm wrong, Gerry, 

WaS area samples, and they have operations where 
they're in effect, point sources, in the sense that the asbestos 
is being generated at the looms, and if you're taking samples 
back in the aisleways in-between them, there's going to he a 
20} rather substantial difference, 


I will confess I have not read the backup article 
on the Simpson report, so I'm giving impressions. 

I think a factor of two is not a bad order of 
magnitude theory - will be a very substantial drop. It could be 
more than that. It depends on the nature of the operation which 

25; is being sampled. 

DR. DUPRE: Q. Now is the factthat two is not a bad 
One for that particular Rochdale plant, given what they are doing 
there, and what is going on near the Looms WPM, 

DR. RHODES: A. You're taking me ... you're taking 
me too far on that. I'm beyond the area that I really, I'm drawing 
on my experience, what I've seen on our area samples, and for a 


30 
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A., (Cont'd.) (‘small point source, ‘a *factor*of 
two is much too small. 
5 You can dump in a hood, and five or six feet away, 
it'll be down to a couple of tenths, so that you can get some 
very very sharp ratings. 

Gerry, do you want to... ? 

DR. CHASE: A. Well I think yeah, that particular 
point becomes more critical as one moves back in time, because the 
10| way the dust clouds in the workplace have been reduced, have been 
by attacking point sources, and therefore you would have to 
attack this one, and then move over to the next worst one, and 
step around in that way, and therefore any kind of an area sample, 
that discrepancy could be greater with some of the older data, 
than it is now, where we're beginning to learn more about it. 

" And it just, you know, it becomes somewhat 
anecdotal when you begin to try and come up with a general factor, 
because certainly, if there's a point source, and you have an 
area sample, and you set it right next to it, and the worker's 
going outside of that region, then you could come up with a 

99| Situation where that area sample would in fact be higher than 

the point source. 


But I'm told by industrial hygienists, they 
didn't, I mean if there was a point source, and there was a person 
had cause to be there, they didn't put the area sample there, 
because they would be, for one thing, tripping over it. 


25 The sample was taken in the more general areas, so 


while anecdotally you can think of even reversing that thing, 
from a practical point of view, it certainly was the case that 
personal samples had we been taking them, would have been higher 
than the area samples, and you know, in that particular instance, 
a factor of two does seem to be a reasonable ballpark figure to 


30 : , 
work with, but as Dr. Rhodes said, I think as you go for some 
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A. (Cont'd.) small point sources, for some 
Situations, that factor could be substantially higher. 

MR. LASKIN@.0.. Or lacs. 

DR. CHASE: A. Or less, you've Got to run ithe 
whole spectrum. 

QO. What you're really saying, is you've got to 
look at the particular establishment, and look at where the 
samples were taken from, and what kind of processes are going on, 
and how high the dust levels are. 

A. Work practices, process changes, dust control, 
all of those considerations are the only way that one can come 
out to a reasonable informed estimate of a previous exposure. 

DR. RNODES: A. Guesstimate might be a hetter term. 

DR. CHASE: A. Well, you know, if we come, yeah, 
e's” a guesstimate, and we do the best we can, and caveat the 
final answer. It's because of that need for knowledge of the 
process, and how the samples were taken, and what work practices 
may or may not have been implemented, and this sort of things 
why you have to supplement the, just the raw data in 
reconstructing past exposures. 

Q. With the knowledge of the industrial 
hygienist as to what went on in the workplace. 

Ae RIGhC, exactly. 

MR. LASKIN: Thank you very much for bearing with 
me. I have no further questions, Mr. Chairman. 

DR. DUPRE: Thank you, counsel. 

Miss Jolley. 


CROSS-EXAMINATION BY MISS JOLLEY 
Bee a ee OL hee Olio. 
Q. I have very few questions, because they were 


mostly covered. 
One of the things I was interested in, is the PAT 
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Q. (Cont'd.) NIOSH PAT laboratories, and I 
don't understand what the PAT laboratories are, or what this is. 

5 DR. RHODES: A. NIOSH runs a program, a quality 
control programme for a number of various regulated contaminants, 
asbestos is one of them. 

The programme consists of I think four samples 
a month, which they prepare. They prepare samples, which are all 
ostensibly the same, and they have some problems with getting 
10} exactly the same loading on all of the samples. 

These are sent out to the laboratories, who 
then count them, and report the results back to NIOSH, who then 
does the statistical evaluation of the performance of the whole 
group, and of the individuals within the group, and they report 
back to you whether you are within acceptable counting limits. 
¥ Q. If the lab was found to be consistently out 
of line, would they then send their people into - say that it 
was a particular company's laboratory that was out of, are 
companies' laboratories part of this PAT? 

A. Yes, anyone. 
20 Oe elope ar 

And so if they were consistantly out of line 
with the regular, would then NIOSH go in to see what they're 
doing wrong, or would the government go in? 

A. No, the government would not intervene. The 
laboratory would be pretty much compelled to find out what was 
25| wrong. If they're an insurance company for example, they would 


certainly want to find out what their problem was. 


Now NIOSH will provide assistance if you go 
and talk to them, but it's not a government control, it's a 
control quality assurance program which is run by the government 
which you may participate in, but they're not ... 


30 
Q. But you don't have to, if you're --- 
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DR. RHODES: A. You don't have to. There was 
One other point I wanted to make. 

5 Go ahead, I've forgot mine. 

DR. CHASE: A. PAT is for Proficiency Analytical 
Testings anachronism. It's a requirement that AIHA certified 
laboratories ... 

DR. RHODES: Yeah, that was my point. 

DR. CHASE: A. ... participate in the PAT 
programmes. Not all PAT participants are AIHA certified, but all 
AIHA certified laboratories, are PAT participants. 


10 


However, they do have the option of only doing 
some of the contaminants, the samples that are sent to them. 

They don't have to, if a laboratory is never 
involved in evaluating asbestos samples, they don‘ t,. 26's not 
necessary that they send those samples back. 


15 


But if that consistent bad performer, or the 
atypical, the outlier by their terminology, is, and this I could 
verify, but that threatens their certification ... 

Q. With the AIHA, 

20 A. Thats right, yes, but l*minot surevot the 
mechanism, but I do know that as you, if you begin, I think it's 


like even two successive ones, or something like that, if vou're 
the bad actor, if you're the atypical measurement that's way 
away from everybody else, then you're getting flagged, and 

being told about it. 

25 Now I think that if someone who is a PAT 


participant who is not certified, I think then, it would be pretty 


well up to that, whatever use they're making of those data, 
would be up to them. 

I don't believe that they would be kicked out of 
the PAT programme if they did that or not, because the PAT 


30 
programme itself, analyses the data, and those that are the 
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A. Cont'd.) extreme cases, are thrown out when 
they evaluate, when they summarize. 

DR. RHODES: A. Extreme results are thrown out. 
The people are not thrown out. 

DR. CHASE: Yeah. 

Q. Well, I think it's of some concern, because 
we're just getting into standard setting in Ontario, and it means 
a lot of industrial hygienists are now going to be, I mean I 
understand a lot of companies have already been doing that kind 
of analysis. There'll be even more analysis done, and it's of 
concern how to somehow regulate the people doing the analysis. 

DR. CHASE: A. The idea of you know, a comprehensive 
quality control programme like that, with all the caveats that go 
into the problem, such as preparing those samples for sending out 
to the labs is just, you know is endorsed completely, and the 
PAT programme is certainly the best example of that, and I think 
as time goes on, as they've been able to improve the preparation 
of the samples, then I think you know, probably the analysis 
techniques will go on, and the uses that are made of those data 
is an essential part of trying to pull everything in together. 

As we talk about trying to standardize equipment 
and standardize performances, and stuff like that, that's one 
ongoing quality control mechanism that could be used. 

MISS JOLLEY: That's the only question I have. 

DR. DUPRE: Mr. McNamee. 


CROSS-EXAMINATION BY MR. MCNAMEE 


Q. Yes, just one or two questions, mainly a 
matter of clarification. 
When Dr. Chatfield was here, I had understood 


from his evidence, that the fact that you can't see on a good 


es 
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Q. (Contid.) quality optical microscope, even a 

trained observer can't see below about a two micron , point two 

5| Micron diameter, and on a lesser quality Microscope optical, it 
gets up to about point four microns. 

I thought this was less of a function than the 
property of light, the wavelength of light, and really had very 
little to do with magnification, and do I understand wrong, that 
actually with an optical microscope, I thought even if you went to 
10/ a two thousand power, that unless you had something to cause the 
fibre to be differentiated from the background environment, you 
couldn't see it, 

Am I incorrect? 

DR. RHODES: A. Well you're, on the phase contrast 
your differential, your index and refraction is the thing that 
gives you the difference. I know that we look at nine hundred on 
some of ours, and we can see more at nine hundred than we can see 
at four hundred. 


, 


15 


Maybe I'm wrong, I'm not a microscopist. 

Q. You know, Dr. Chatfield indicated that if you 
20) uSe this carbon solution, that you could then see below the point 
two microns with the optical microscope, and that had something 
to do with the differentiation of retrac.wy or something like 
that, and I just didn't know. I thought it was less, more of a 
property of light than Magnification, 'cos it's not the electron 
microscope that the ... it has something to do with x rays 

25/ knocking electrons off the object material. 

Is that correct? 


A. Yeah, you're getting a back-scattering basically. 
Q. Yeah, and really it's not so much the quality 

of the vision, as it is of some, you know, this artificial ... 
REPORTER'S NOTE: The cross-examination of Mr. 
McNamee is barely audible, and odd words could be 


30 


subject to question. 
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DR. RHODES: A. Well, I could be wrong, but my 
understanding, I know that when we go to oil immersion on 
5| Our scope, we can see finer fibres than we can see without it. 

Q. Oil immersion. 

A. Oil immersion on the lense. 

Q. Would that have something to do with the Sage 
that you're creating a contrast with the background, and somehow 
making it change? 

10 A. It may, yes. 

Q. Well I guess it's difficult to ... 

NatNO, gat SOCCY , ol ont ute « 

Do you know, Gerry? 

DR. CHASE: A. No, I would just say that there was 
a very detailed and thoughtful discussion along those lines at 
the first colloquium, dust colloquium at Warmen Steinach that 
we mentioned before, and it was done by Dr. ... 

DR. RHODES: Leguen, Roger Leguen. 

DR. CHASE: A. Leguen, from Britain, who's with the, 


in the factory inspectorate research laboratories. 


20 Q. You see, the way I think is, that two people 
looking through a four hundred power optical microscope, that 
a person with very sharp eyes, if it weren't: for this property 
of light, the wavelength of light that a person with very sharp 
eyes might see something one tenth of a micron. 

Is there something wrong with the eyeball? 
25 DR. RHODES: A. No, they do. 

Q. They do. 


A. The DMAP has a series of slides with polystyrene 
spheres on them, and they have set a range of approximately two 
tenths to point two six as the proper alignment and optical 
setup for counting fibres. There are people I'm told, I can't, 


haven't seen it personally, who can see the little spheres down 
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A. (Cont'd.) around a tenth. 

Q. So then the eye isn't limited to DONE. 
5 A. The eye, the eye is a critical part .oL the 
looking through the optical microscope. 

Do you have a counter? 

I've been told that there are counters who can see 
down to a tenth, as rare birds. Most of the scopes I've seen, are 
around the two tenths, three Lenchs,, and. this. 1S) . 

10 DR. CHASE: A. ... Built in limitation to the eye 
mechanism, below a certain ... 

DR. RHODES: A. It's involved with the light, and, 
the eye and the light. I'm sorry, I'm just not that much of an 
optical type. 

MR. MCNAMEE: Thank you very much. 

DR. DUPRE: Dr. Uffen. 

DR. UFFEN: Q. I've just got one question, and I'm 
not even sure how to pose it. 


15 


One of the problems we have to pay attention to, 
is what about the workman who is subjected to short, but intense 
20| €xposure, in the renovation and demolition industry? 

We've been talking about the membrane type of 
method. Is it the right thing to use in those circumstances? * 

The conditions are different, see, the workman, 
he's the first one to run into it. The boss or foreman may not 
show up for a couple of hours, and he might be in quite an 
25; intense cloud for a little while, and I'm thinking in terms of a 


technique that the workman can use. You don't have to have an 
industrial hygienist to do it. He can tell that he's being exposed, 
and withdraw until something more elaborate is done. 

DR. CHASE: A. Are you getting at the work practice 
type of thing? 


30 
A. Yeah. 
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DR. CHASE: A. There are certainly situations 
where the work practice is I think, far more practical for the 
5| routine control of the exposures, than through the monitoring, 
but of course at the heart of that, would also be the membrane 
filter technique in terms of establishing that work practice. 
One would want to come up with a work practice 
that reliably kept exposures down, and the way that one could 
do that, is under, if you will, more controlled conditions, to 
10) establish that the work practice does in fact, keep those down. 
So that I think that in terms of MOni toring, 
that the membrane filter would have a use, but it comes in the 
establishment of the work practice, and then, of course, once 
the work practice is established, then that would be the 
procedure to be followed. 
es On the other hand, when you talk about the 
detection, we don't have the analogous canary, who will collapse 
when ... 
DR. UFFEN: Q. When Mr. Trudeau was here, he 
talked to us briefly about a bunch of different other instruments, 
20} and I think he was pretty frank about some of them 
One of them he said was useless, because it 
wouldn't work. It had to be on a tripod, like a surveyor's 
instrument. The vibrations from the plant made it useless. 
Dr. Rhodes I guess, it's to you that I'm - in 
your practical experience, are you familiar with any other 
25; instruments that could be used for this short intense exposure 
problem? 

DR. RHODES: A. I don't know, well, let me say 
this. First of all, when you start trying to use the membrane 
filter for very very short time periods, it really gets eratic 
on you. It tends to give you some very high numbers, and also 
some very low numbers, and just why, I don't know. 
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A. (Cont'd.) It gets eratic. 

All of the instruments that I know of, the 
continuous reading instruments, require a calibration. You have 
to calibrate them against a counter filter, and the calibration 
is unique to the particular type of dust that you're trying to 
count. So the use that I see for these continuous monitoring 
instruments, is basically engineering controls, where you've 
established the characteristics of your dust cloud, and you 
want to watch how your control devices are working controlling 
re oes 

They use them quite a bit in the ashestos cement 
industry in Europe, for one thing, to watch what's going on, 
rather than as a primary method of determining airborne asbestos 
concentration. 

Now the problem of applying that to your 
particular situation is one that EPA has been grappling with 
now. You've got a material here on the wall. It could have 
anywhere from no asbestos, to seventy or eighty percent, to pick 
a number. To try and find a way to characterize the material 
that you're working on, has not been solved, I don't think, and 
you certainly don't want to require that - there's no quick way. 
You can put a, you put one of these instruments in on a dust 
cloud, and you get a reading. 

There's no way of saying how much of that is 
asbestos, and how much is something else. 

I think in answer to your question, I know of 
no way to get a quick asbestos reading. 

DR. UFFEN: Q. Even a rough and ready... . 

A. Not even a rough and ready. Rochdale has a 
thing that they've got calibrated very extensively for their 
straight asbestos dust clouds, but as far as Sticking if), using 


it for an unknown dust cloud, it's just useless. 
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DR. DUPRE: Q. I just have one line of questioning. 

I very much appreciate the extent to which, what 

5| you've given us today, both orally, and in this written statement 
is by way of some very very practical guidelines for the 
jurisdiction with which to consider certain kinds of standards 
in asbestos regulations, and they were put out in a very simole 
context, I guess. 

I think that one thing that you would have been 

10/ telling me here if for example, the Simpson report was being 

implemented, and I was the unfortunate, who had been designated 

as in charge of implementation, that as far as their recommended 
standard of one fibre for chrysotile is concerned, the membrane 
filter method appears to be up to snuff, in terms of reasonable 
confidence that both the employer, and the inspector would have 

Pr a. 

Now the problem at this point is that there's 
another recommendation in the Simpson report, which is, that 
where amosite is concerned, we're going to go for a point five 
fibre standard. 

20 Now I fully appreciate the extent to which of 
course you have said so clearly, your Round Robin study is into 
the chrysotile area by and large, and certainly the lessons to 
be drawn from it could be, I take it, read as lessons in the 
context where whatever the standard, there's only one ashestos 
type, but if I as a would-beimplementor am stuck, let us say with 

25} a regulatory system that is going to try to regulate at 
different standards, two or more asbestos types, are there some 
practical messages that I could take out of this? 

DR. CHASE: A. Are you discussing in the context 
of the specific numbers in the Simpson report, the point five, 
or point one, or is it the, is there anything ... 

DR. DUPRE: Q. Well, if at the point five level, 
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DR. DUPRE: Q. (Cont'd.) one starts to push the 
Capacity of the figure of a particular method, so that much I'd 
have clear, although I might have to go ahead and do something 
about it anyway. So we avoid that problem. Supposing I was 
instructed to implement a duel standard system, where all right, 
One is two, and the other is one fibre, so that the second type 
of asbestos is at your one fibre count, membrane filter threshold 
I think you called that, would you have any particular practical 
observations to give me as to what my problems would be? 

DR. CHASE: A. Well, are you going to say, in the 
Situation you just descibed, are you going to say if the amosite 
is there, it's one for everything Orsi tlsmjust, ob knownyou 
didn't mean this, but let me just take the extreme case. You can 
have two for the chrysotile, and one for the amosite, totalling 
up to three. I know you don't mean that, but so what would ke 
the permissible? Could you have, if the chrysotile was say, say 
half of the dust cloud, does that allow you to total up to one 
and a half? 

Q. Well, I don't know, because maybe you can 
answer me. 

A. Maybe I'm asking you the question you're 
trying to ask me. 

Q. O.K., you're trying to ask me a question, and 
I will give you an answer to your question. That's in terms of 
what - a clue that I think you've given me in here, and I think 
the clue you've given me in here, is the following. 

If I'm in charge of implementing this 
regulatory regime with a duel standard for two different asbestos 
types, I guess obviously, the first thing I'm going to do to Cry 
and keep things simple, is I would be of course, trying simply 
on the basis of what is known of our plants, naturally to isolate 
the hundred percent chrysotile plants from the hundred percent 
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DR. DUPRE: Q. (Cont'd.) amosite plants, because 
that's the easy part. Once you know it's a hundred percent of 
one fibre or the other, at least you've got a start. 

Now my in-between problem of course, is going to 
have to, is necessarily going to focus on all of those plants in 
which there is a mixture of two or more types of asbestos, the 
relative proportions of course, perhaps unknown. 

Now given I think one of the hints you've given 
me here, I guess that the first thing I would be tempted to do, is 
to go to electron microscopy. It may be SEM would be adequate for 
the job, to at least give me some kind of a quantitative handle 


on the workplace dust cloud situations in my different plants. 


10 


And. so, you. know,.from this, I, might be able to 
point, to find out with what degree of confidence, heaven knows, 
maybe you can tell me, but if it's you know, in one plant it's 


two thirds amosite, one third chrysotile, and another plant it's 


15 


some other proportion. 

Now let's just say, to make things really easy, 
that O.K., I've got one plant where through electron microscopy, 
20; I have reasonable confidence as the regulator. For that matter, 
the employer agrees. O.K., when all is said and done, it's two 
thirds chrysotile, and one third amosite. O.K., now of course, we 
get into the business of applying our two standards, which means 
of course, if we're going to, I assume, because of the practical 
nature of the situation, follow a membrane filter technique, with 
personal sampling, and so on. 

Now is it as crude as the following? That you get 
a fibre count, you know, you get your fibre count off your 
membrane filter method, and you always assume given what SEM 
has told you, that in any given sample, it's going to be roughly 
two thirds of one, and one third of the other, or do you run, can 


you actually ask your counters to report a count of amosite fibres, 
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DR. DUPRE: QO. (Cont!d.) androefechrysotize 
fibres? And what kind of random errors, what kind of random error 
escalation are you going to get if you do that? 

DR. CHASE: A. I don't have the answer in terms 
of what that cloud would vary from over days in terms of that 
percentage make-up, but to take your example, and say suppose we 
could document with some degree of reliability how much that 
percentage varied, or rather conversely, how constant it was, 
then if you could come up with a quantification of that percentage 
variation, then the idea of assuming that in the future, would not 
be again, with the appropriate - analogous to what we were doing 
before, using the statistics to try and come up with some point 
that would be a reasonable upper bound, or estimate, or average, 
or whatever it is that would be deemed appropriate for that 
situation. 

Then to use that in the future, provided there 
were no process changes and this sort of thing, I would feel 
comfortable with, because you're again using the statistics to, 
the empirical information, to quantify the uncertainty in terms 
of the judgement you're making. 

To take the one situation that you said, I 
would feel comfortable with that, as long again, you'd have to 
work out the specifics of it, say well I think we - would you take 
if you had two thirds, the example of two thirds amosite, and one 
third chrysotile, that you would then, taking your two and one, 
that you would then take two thirds of one, plus one third of 
two, giving you a one point three three, and that gives you your 
total. 

That is certainly feasible from the perspective 
that I take right now, without having empirical information to 
slap ek oe 

DR. DUPRE: Q. But now O.K., now just in terms of 
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DR. DUPRE: Q. (Cont'd.) a practicality of getting 
the empirical information, if your recording machine 

is differentiating between asbestos types, is electron microscopy 
really the only reliable way of getting a handle on that piece 

of empirical information you need, of what proportion is of one, 
and what proportion of the other, or is the optical method 
including the capacity of a rae: to the count,up to giving 
you a count of so many brown fibres, so many white fibres, or so 
many amosite fibres, so many chrysotile fibres. 

DR. RHODES: A. Unfortunately, they're not brown 
white, blue. Chrysotile on phase contrast, even the small ones 
down around five microns, has a look about it that an experienced 
counter tends to recognize. I emphasize tends to recognize. 

Q. It's the dimention he tends to recognize. 

Abel lye thoathe general look of the stuff. It 
tends to be a little hairy. It's got some characteristics that 
you learn to recognize. Amphiboles, and I'm going to emphasize 
our experience has been very very limited with these, amphiboles, 
and other minerals all, they don't have this type of species 
identity. Amphiboles can look like other mineral species, and 
it's much harder if you've got a mixed dust cloud to distinguish 
those, than it is to make a pretty good guess that it's 
chrysotile. 

Mow in our laboratory, where we have been only 
interested particularly in chrysotile, we're looking at 
applications where chrysotile has been added, and we're looking 
primarily at the impact of the chrysotile exposure. We report 
chrysotile and possible amphibole, which is a unique - I think 
we're probably the only laboratory that does it, and we say 
possible amphibole, because there's so many things that Look like 
amphibole asbestos, and I'm telling you this to emphasize that 


as soon as you get over into the other areas,. other types of 
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A. (Cont'd.) asbestos, you have much more 
trouble distinguishing it from other background mineral fibres 
in amongst them, than you do with chrysotile. 

Now there are some techniques polarized light, 
dispersion staining, refractive index extinction angle, that sort 
of thing, that a really experienced microscopist can do a lot 
with, but these guys are about as scarce, probable more scarce 
than trained electron microscopists, so that you get - really, 
electron microscopy is the only way that I know of to try and get 
yourself a characterization level. 

DR. DUPRE: Mr. Sampson, do you have any final 
questions of your witness? 

MR. SAMPSON: No. 

DR. DUPRE: Well Dr. Chase, Dr. Rhodes, you've 
been most helpful. May. I thank you on behalf of all of us. 

Before we adjourn Miss Kahn, you have I believe, 
a memo on our forthcoming schedule. 

MISS KAHN: I believe it's already been distributed. 
I think everybody in the room has one. 

DR... DUPRE :s"So I take’ it -thatmwe have, all, of us, 
some kind of an idea of where we're going for the rest of the 
month, and in any event, that I can with confidence, say that we 
now rise until ten a.m., next Thursday, which is also the twentieth 
of August. 

Thank you indeed. 
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